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1. Introduction and General Overview

1.1. General Introduction to CEBS Microarray

The Chemical Effects in Biological Systems (CEBS) is a knowledge base
currently in development. An important component of CEBS is the CEBS
Microarray Data Portal and Analysis Tool Suite that hosts microarray
toxicogenomics data along with on-line analysis tools.

1.2. CEBS Common Page Components

Each web page in CEBS has a number of sections. These sections are found on
almost every web page in CEBS.

C E NCT National Center for Toxicogenomics
EiEMICAL BIOINFORMATICS o
KNOWLEDGE

EFFECTS in —
BIOLOGICAL CEBS Microarray provides an integrated solution for searching, analyzing and interpreting data from several

—_—reee microarray platforms. Currently, the following functionalities are available

SYSTEMS it . .

Search and View General Experimental Information
view Data Quality Indicators

Download Raw Data Files

Data Preprocessing

Data Exploration and Yisualization

Ientification of Differentially Expressed Genes
Gene Category Analysis by BioCarta Pathways
Gene Category Analysis by KEGG Pathwarys

Gene Category Analysis by Gene Ontology (GO)

Microarray Home
Search and Analyze

Search and CEBS Microarray allows you to search for and analyze toxicogenamics microarray experiments submitted by
Analyze fellow scientists. You may either download experimental data or analyze online toxicogenomics microarray
EXPENMENtS with & growing set of microarray analysis features in CEBS

o
e c;é% 4," CEBS User's Allfirst time CEBS users are suggested to download and read the CEBS User's Guide. The CEBS User's
st Guide Guide contains a description of how to use CEBS for browsing and anakyzing microarray data.

CEBS The CEBS Development Forum site permits the exchange of information, facilitation and sharing of useful
Development tools, papers and other resources, discussion of standardization efforts, and links to data and databases
Forum The site also contains a list of frequently asked questions (EAQs).

Submit Data te Contribute your toxicogenomics microarray experiments to CEES and join our community of cantributing
CEBS scientists. For more information, please contact CEBS Scientific Administratar.

Please Contact the CEBS Help Desk Regarding Any Questions or Comments.

LOGIN | REGISTER
ACCESSIBILITY DISCLAIMER.  CREDITS

NIEHS WATIOWAL INSTITUTE of ENVIRONMENTAL HEALTH SCIENCES
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1.2.1. Header

BI()INFORMATIC ‘~> 0

KNOWLEDGE

The Header is the banner at the top of each web page.

1.2.2. Left Menu

E There are two text links and three icon links on the Left
Menu.

CHEMICAL | 7yt Links:

EFFECTS in e Microarray Home: Link back to the microarray
home page.
BIOLOGICAL e Search and Analyze: Link to the Search
SYSTEMS Experiment Page
Icon Links:

e HHS: A link to www.hhs.gov.

e NIH: A link to www.nih.gov.
Microarray Home e NIEHS: A link to www.niehs.nih.gov

Search and Analyze

@s7
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1.2.3. Footer

Please Contact the CEES Help Desk Regarding Any Questions or Comments.

LOGIN | REGISTER
ACCESSIBILITY DISCLAIMER.  CREDITS

NIEHS HATIOWAL INSTITUTE of ENVIRONMENTAL HEALTH SCIEHNCES

There are seven text links that can be found in the footer:

Text Links:

e LOG IN :login to CEBS
REGISTER : register as a new user to CEBS
LOGOUT: logout of CEBS
CEBS Help Desk: email contact to request help
Accessibility: Accessibility Information.
Disclaimer: NIEHS Disclaimer of Endorsement
Credits

Note: The Login and Register link will both be displayed together. If you have
not logged into CEBS, these links will be displayed. If you have logged in, then
the Logout link will be displayed.

1.2.4. Main Body

The main body of the page will vary greatly from page to page. Most screen
shots found in this document will consist of only the main body of the page to
allow the viewer to focus on the important aspects of the page.

1.2.5. Buttons

There are a number of buttons that can be found on most of the web pages.
Continue — Allows you to continue to the next page in the workflow scenario. In
some cases, it will continue to the next page and submit the information from the
current form to CEBS.

Submit — Allows you to submit the information from the current form to CEBS.

cebsfeedback@list.niehs.nih.gov 6




1.3. Definition of Experiment Visibility

The visibility of an experiment refers to which users are able to access
experiment information and data. A user can specify the “visibility” of an
experiment he/she is submitting to ensure that sensitive (i.e. pre-publication) data
is only accessible by authorized users (for example, in user’s consortium
research group).

e Private — visible only to users with the same Principal Investigator, in other
words, members of the same research group.

e Public — visible to anyone accessing the CEBS Microarray site.

e Group Restricted Access - visible to all users who are part of the Group

There are a number of different groups such as TRC Consortium. If you wish to
add a group to CEBS, please send an email to cebsfeedback@list.niehs.nih.gov.

cebsfeedback@list.niehs.nih.gov 7




2. Accessing the Site

To access the site, open a browser and type http://cebs.niehs.nih.gov/microarray
into the address bar. This will take you to the welcome page as shown in Figure
1 below.

BIS

NCT National Center for Toxicogenomics

BIOINFORMATICS

CHEMICAL & . :

e KNOWLEDGE =

BIOLOGICAL CEBS Microarray pravides an integrated solution for searching, analyzing and interpreting data from several
W microarray platforms. Currently, the following functionalities are available

Search and View General Experimental Information
view Data Quality Indicators

Download Raw Data Files

Data Preprocessing

Data Exploration and Yisualization

Ientification of Differentially Expressed Genes
Gene Category Analysis by BioCarta Pathways
Gene Category Analysis by KEGG Pathwarys

Gene Category Analysis by Gene Ontology (GO)

Microarray Home
Search and Analyze

Search and CEBS Microarray allows you to search for and analyze toxicogenamics microarray experiments submitted by
Analyze fellow scientists. You may either download experimental data or analyze online toxicogenomics microarray
EXPENMENtS with & growing set of microarray analysis features in CEBS
STk
oy : CEBS User's Allfirst time CEBS users are suggested to download and read the CEBS User's Guide. The CEBS User's
7 Guide Guide contains a description of how to use CEBS for browsing and analyzing microarray data.

CEBS The CEBS Development Forum site permits the exchange of information, facilitation and sharing of useful
Development tools, papers and other resources, discussion of standardization efforts, and links to data and databases
Forum The site also contains a list of frequently asked questions (EAQs).

Submit Data te Contribute your toxicogenomics microarray experiments to CEES and join our community of cantributing
CEBS scientists. For more information, please contact CEBS Scientific Administratar.

Please Contact the CEBS Help Desk Regarding Any Questions or Comments.

LOGIN | REGISTER
ACCESSIBILITY DISCLAIMER.  CREDITS

NIEHS WATIOWAL INSTITUTE of ENVIRONMENTAL HEALTH SCIENCES

Figure 1 - CEBS Microarray Home Page
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3. Registering a New CEBS Microarray Account

In order to submit an experiment, you must have a user account to sign into the
application. Also, to search experiments with restricted access, or “visibility”, it is
necessary to have a CEBS Microarray user’s account.

From the CEBS Microarray Home Page, click on the link — Register to access the
CEBS Microarray account registration page

C[E|BS|

CHEMICAL

NCT National Center for Toxicogenomics

BIOINFORMATICS
KNOWLEDGE

EFFECTS

BIOLOGICAL CEBS Microarray provides an integrated solution for searching, analyzing and interpreting data from several
e microarray platforms. Currently, the following functionalities are available:

SYSTEMS ik " .

Search and Yiew General Experimental Infarmation
Wiew Data Cluality Indicators

Download Raw Data Files

Data Preprocessing

Data Explaration and Visualization

Identification of Differentially Expressed Genes
Gene Category Analysis by BioCarta Pathways
Gene Category Analysis by KEGG Pathways
Gene Category Analysis by Gene Ontology (GO)

Microarray Home

Search and Analyze

Search and CEBS Microarray allows wou to search for and analyZe toxicogenomics microarray experiments submitted by
Analyze fellow scientists. You may either download experimental data or analyze online toxicogenomics microarray
experiments with a growing set of microarray analysis features in CEBS.

'
e%é?% @! CEBS User's Allfirst time CEBS users are suggested to download and read the CEBS User's Guide. The CEBS User's
et Guide Guide containsg a description of how to use CEBS for browsing and anakaing microarray data.

CEBS The CEES Development Forum site permits the exchange of information, facilitation and sharing of useful
Development tools, papers and other resources, discussion of standardization efforts, and links to data and databases.
Forum The site also contains a list of frequently asked questions (EAQs).

Submit Data to Contribute your toxicogenomics microarray experiments to CEBS and join aur community of contributing
CEBS scientists. For more information, please contact CEBS Scientific Administrator.

FPlease Contact the CEES Help Desk Regardifig Any Questions or Comments.

bex! @
ACCESSIBILITY  DISCLAIMER  CREDITS

NIEHS NATIONAL INSTITUTE of ENVIRONMENTAL HEALTH SCIENCES

Figure 2 — Link to Account Registration Page
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First, select the organization or laboratory to which you belong (Figure 3). If your
organization is not listed, contact the CEBS Help Desk at
cebsfeedback@list.niehs.nih.gov.

Please Enter The Following to Register for a CEBS Account:

"our
Organization or
Lahoratory:

C. elegans Longewvity

|V

Choose Crganization ar Labaratory
Abhott Labs

Affyrmetrix
. elenans Lonoevity

Duke University

EPA

EFA-ORD Computational Toxicology

Fraunhofer Institute of Toxicology and Experimental Medicine
Fred Hutchingon Cancer Pesearch Center

HESI

Icanix

If Your Qrganization/Labaratony 13
Mot Listed, Please Contact the

CEBS Help Desk

Figure 3 - Registration: Organization/Laboratory Selection

Once you have selected your organization/laboratory, the next page displayed
will have a list of Principal Investigators for your organization or laboratory
registered with CEBS.

If your Principal Investigator (PI) is registered in CEBS, fill out the information on
the following page to register for a CEBS Microarray account (Figure 4). If your
Pl is not listed in CEBS, please contact the CEBS Help Desk at

cebsfeedback@list.niehs.nih.gov

cebsfeedback@list.niehs.nih.gov 10




Please Enter The Following to Register for a CEBS Account:

If Your Principal Irvestigatar 1s Mot

" Your Principal Investigator: Listed, Please Contact the CEBS
Help Desk
* First |:| Middle Initial |:| * Last |:|

Address 1 | Address 2 | |

Mame Password

Please enter a "hint" ward/phrase below which will be sent ta you in the event that you forget your usernarme ar
password. This wordfphrase should allow you to recall your username and password.

* Passward Hint YWord/Phrase |

Submit CEBS Account Request

* Denotes Required Figlds

Figure 4 - CEBS Microarray Account Registration Page

If your Principal Investigator is not in the drop-down box, have your Pl send an
email to cebsfeedback@list.niehs.nih.gov to be added to CEBS.

When you get to the CEBS Microarray Account Registration page (Figure 4),
enter as much information as possible. The items that have an “*” next to them
are required fields.

When you are done filling in the form, click on the submit button. This will send
your information to the CEBS team. The CEBS team will verify your identity with
the Principal Investigator you have selected. You will be sent an email
notification once your information is verified and your account is activated.

If you don’t enter information into a required field, your login already exists or the
passwords don’t match, you will get an error message and will be prompted to re-
enter the information. Note: user name and password are case sensitive.

Upon submission of your account request, the following confirmation page as
shown in Figure 5 will be displayed. Again, once we’ve verified your
membership in the PI's group you've selected, your account will be activated.

Thank You For Your Account Request!

We are Awalting Your PI's Confirmation of your Graup Mermbership
Flease Confer with Your Pl Regarding the Status of the Confirmation Email Sent by CEBS

Figure 5 — CEBS Microarray Account Registration Confirmation Page

cebsfeedback@list.niehs.nih.gov 11




4. Logging In

In order to submit an experiment or access restricted-access data sets, you must
have a user account to sign into the application. If you have already created a
valid User Name and password, enter them into the Login page (Figure 6). Click
the Login button to complete the login process.

**Please note that the username and password fields are case sensitive.

Please Enter Your User Name and Password

Lizer Narme:

Passnord |

n Login to CEBS
If wou do not have a user account yet, please sign up now.

For first time users, click to download the CEES Microarrsy User's Guide, wiilch
contains cetailed instructions regarding the upload of gene expression experiments.

If wou have registered in the past, but find wou are unahle to recall your username or passward.
Please go here to enter the hint word/phrase that you registered with
Your username and password will then be malled to you.

For an-line Relp regarding experiment submission questions, please consult our

Help Documentation that can be accessed by clicking on the L symbol on any page.

Figure 6 - CEBS Microarray Login Page

From the login page, you can register as a new user by clicking the “sign up now”
link.

You can also download the user’s guide by clicking on the “CEBS Microarray
User’s Guide” link.

If you have forgotten your username and/or password, select the “here” button to
retrieve your account information (Figure 7). If you do not remember your hint
word, please send an email to cebsfeedback@list.niehs.nih.gov.

cebsfeedback@list.niehs.nih.gov 12




4.1. Forgotten Password — Getting Password Hint

If you have forgotten your password, there is a link on the login page which will
take you to the page displayed below.

Enter Hint Word

Please enter your first and last name, city and the hint word you submitted when you
registered for your CEBS account.

An e-mail containing your username and password will be sent fo your e-mail address of
record containing your username and password.

First
Last
City
Hint Word/Phrase:

[ E-mail My Login Information ]

If vou do not recall your hint word, or vour registered e-mail address is no longer valid,
please contact CEES support to retrieve your CEBE login information.

Figure 7 - Password Hint Page

Enter the required information, and your username and password will be emailed
to the email address you initially registered. If you do not remember your hint
word, or your email address is no longer valid, please send an email to
cebsfeedback@list.niehs.nih.gov.

cebsfeedback@list.niehs.nih.gov 13




5. CEBS Microarray Home Page

The Microarray Home Page is the first page displayed when you enter the
microarray portion of the CEBS website.

CEBS Microarray provides an integrated solution for searching, analyzing and interpreting data from several
microarray platforms. Currently, the following functionalities are available:

Search and view General Experimental Information
view Data Quality Indicators

Download Raw Data Files

Data Preprocessing

Data Explaration and Yisualization

ldentification of Differentially Expressed Genes
Gene Category Analysis by BioCarta Pathways
Gene Category Analysis by KEGG Pathways

Gene Category Analysis by Gene Ontology (GO0)

Search and CEBS Microarray allows you to search for and analyze toxicogenomics microarray experiments submitted by
Analyze Tfellow scientists. You may either download experimental data or analyze online toxicogenomics microarray
eXpeEriments with a growing set of microarray analysis features in CEBS.

CEBS User's Al first time CEBS users are suggested to download and read the CEBS User's Guide. The CEBS User's
Cuide Guide contains a description of how to use CEBS for browsing and anakyzing microarray data.

CEBS The CEBS Development Forum site permits the exchange of information, facilitation and sharing of useful
Development tools, papers and other resources, discussion of standardization efforts, and links to data and databases.
Eorum The site also contains a list of frequently asked questions (EACQS).

Submit Datato Contribute your toxicogenomics microarray experiments to CEES and join our community of contriouting
CEBS scientists. For more information, please contact CEBS Scientific Adrministrator.

Please Contact the CEBS Help Desk Regarding Any Questions or Comments.

LOG IN | REGISTER
ACCESSIBILITY DISCLAIMER. ~ CREDITS

NIEHS WATIONAL INSTITUTE «f ENVIRONMENTAL HEALTH SCIENCES

Figure 8 - Microarray Home Page Main Body

There are a number of link options on the Home page.

e Search and Analyze — This option will allow you to search for and
analyze toxicogenomics microarray experiments submitted by fellow
scientists. You also have the option to download the experimental data.

e CEBS User’s Guide — This link will allow you to download and read the
CEBS User’s Guide. The users’s guide contains a description of how to
use CEBS for browsing and analyzing microarray data.

e CEBS Development Forum — This will take you to the CEBS
Development Forum which permits the exchange of information,
facilitation and sharing of useful tools, papers, and other resources,
discussion of standardization efforts, and links to data and databases.
This site also contains a list of FAQs.

e Submit Data to CEBS — To contribute data to CEBS, please contact the
CEBS Scientific Administrator.

cebsfeedback@list.niehs.nih.gov 14




6. Browse Experiment Information

In order to search for an experiment that is not publicly accessible or visible to
the public, you must login to the application. If you do not have a user account
you must Register a New User Account. See section 3 of this document.

Here is a list of the different levels of experiment visibility:
e Private — visible only to users with the same Principal Investigator.
¢ Public — visible to anyone accessing the web site.
e TRC Consortium — visible to all users who’s Principal Investigators are
members of the Toxicogenomic Research Consortium (TRC).

To login to the system see Logging In, Section 4.

6.1. Experiment Search

On CEBS Microarray Home Page (Figure 1), click on Search and Analyze on
the left menu, or Search and Analyze within the body of the home page. You
will enter the Analysis Home Page (Figure 9). This page summarizes the major

functionalities supported by CEBS Analysis Tools. Currently CEBS provides
Experiment Search, View, and Analysis as an integrated, streamlined solution.
You will begin data viewing and / or analysis from the Experiment Search.

Microarray Data Analysis Options

Welcome to CEBS Microarray Analysis home pagel CEBS provides an integrated solution far viewing
and analyzing data from several microarray platforms. Currently, the following major functionalities are
supported by CEBS Analysis Tools:

Diata Preprocessing

Diata Comparison

Data “isualization

ldentification of Differentially Expressed Genes
Gene Category Analysis by BioCarta Pathways
Gene Category Analysis by KEGG Pathways
Gene Category Analysis by Gene Ontology (GO

To begin data viewing & analysis with these tools, please select experimental data first:

L I B B L B N

> Search Experimentis) for Analysis

Flease Contact the CEBS Help Desk Regarding Any Questions or Comments.

Figure 9 — CEBS Microarray Analysis Home Page

cebsfeedback@list.niehs.nih.gov 15




Click on Search Experiment(s) for Analysis, you will now enter Experiment
Search Page (Figure 10).

If you have clicked Search and Analyze within the CEBS Microarray Home
Page, you will omit the Analysis Home Page and directly enter Experiment
Search Page.

You can search for experiments based on a combination of 6 fields. These
fields are:

Experimental Id — text entry

Investigator's Name — drop-down list

Experiment Title — drop-down list

Tissue Name — drop-down list

Species — drop-down list

Image Processing Software — drop-down list

oUW~

Expeniment Search

Evxpeariment 1D

Imvestigator's

Mame = 4

Experiment Title A
Tissue Mame Al B
Species All |

Image Protessing Al Microarray
Software

n Search Experiments

Figure 10 — Microarray Experiment Search Page

Once you have entered above search parameters, you can click on
Search Experiments to begin the query.

6.2. Experiment Search Results

If there are no experiments matching your search criteria, the following
screen will be displayed.

cebsfeedback@list.niehs.nih.gov 16




List of Experiments for Selection

Y¥our experiment search returned no recards.

Please press your browser's Back bution, modify your search lermis) and try again.

Figure 11 — Unsuccessful Search Results Page

If you are looking for an experiment recently submitted, remember that it
must be fully curated before it can be accessed. You will receive an
email when the experiment is curated and ready to be accessed.

Click on the Back button in the browser to return to the search page.

If there are experiments matching your search criteria, the following
screen will be displayed (Figure 12).

List of Experiments for Selection

The experiment search returns 3 record(s)

Flease use check hoxes below to select experiment(s), then click on "View Details about Selected Experiment(s)” for Analysis as well as
Experiment Report.

Experiment (e
Select I Investigator Experiment Title Processing Publication Visibility Array Design (1D}
Software
Gene Expression Profiling of F344/M Rat
Alexandra ; : . . Rat230_2
[0 522308544 Heinlath IE;:f;DriuA:aerAcute Acetaminophen Affyrmetrix Public (346452001
[ 525058561 \'?V?lﬁ:fns E"e“”“SSE GITL strains - hematopoetic SIem | e,y Vwilliarns, Public |MG_UT4Ay2 (113
527402005 qu_en Mouse ATL straing - forebrain Affymetrix Williames, Public MG_UT 4802 (113
Williams

j Reset j View Details about Selected Experimentis)

Figure 12 - Successful Search Results Page

The result screen (shown above) returns the following information about
each experiment in the results list.

Experiment Id

Investigator Name
Experiment Title

Image Processing Software
Publication

Visibility

Array Design ID

NoOoO kWD~

To view the detailed information of the experiment(s) you are interested in,
click on the checkbox in the Select column in front of the experiment(s) of

cebsfeedback@list.niehs.nih.gov 17




interest, then click on View Details about Selected Experiment(s). Click
on Reset to cancel the current selections and re-select.

Note: You may include ANY experiments that interest you at this time, regardless
of their platforms or array designs. Subsequently, however, when you analyze
multiple experiments together (Figure 14— Experiment Information Report
Screen), you are only allowed to choose those experiments that have the same
platform and matched array designs.

6.3. Experimental Details

Once you have clicked on View Details about Selected Experiment(s), if
one or more of the experiments you requested are of limited access, you will
be prompted with the following message:

The experiment information and data you are requesting is limited access,
requiring a lagin and a set of permissions to view and download. Consequently,
the experimental descriptions and data files are not to be disseminated to the
general public.

Flease click the "Accept" button below to indicate you agree to refrain fram
sharing limited access experimental information and data files with the general
public.

Decline ][ Accept ]

Figure 13 — Confidentiality Screen

You must choose Accept in order to continue to view more related
experiment information. Decline returns to previous search screen. Once
you have clicked on the Accept button, you will enter the Experiment
Information Report page that contains more details about the experiment(s)
you requested (Figure 14 — Experiment Information Report Screen).

cebsfeedback@list.niehs.nih.gov 18




Brief View

Experiment

Detailed View

Experiment 1D

Investigator Hame
Organization

Experiment Type

Species

Tisgue(s)

Image Processing Software
Array Design Hame

Array Design D

Stressor Hame(s)
Experimental Wariable(s)
Characteristics That Yary Between Samples
Publication

Submission Date

Experiment Description

Data Files
Data Quality Information

Experiment Information Report

e Click on "Experiment [D" ta view experiment information repott in the Detailed View.
& Foranalysis, use the check box below to select experiment(s), then click on "Analze Selected Experiment(s)”.
» hiultiple experiments can be analzed together, ifthey have same platform & matched array design (D).

Image Processing

Analyze T Investigator Experiment Title e Visibility
Anonymous TRCICRP Standardization ) TR
O 182904000 e ctigator Experimant One Arraysute Consortium

j Analyze Selected Experiment(s)

TRC/ACRP Standardization Experiment One

183994001

Anonymous Investigator
TRC Consartium

Multiple Tissue Comparison
[Mouse]

[Liver]

ArraySuite

pa0 [MHGRI-1 384 4x8 24x23]
158341338

Mone

Mane

Maone

2003-12-24

Array Design (D)

PA0 [NHGRI-1 384 48 24x23]
(1583413359)

TRCICRP Standardization Experiment One was designed to determine sources ofvariation in
laheling and hyhridization and harmonize across TRC 7 CRM platforms.

Click to Download
Click to Wiew

Figure 14 — Experiment Information Report Screen

This page consists of two sections: Brief View and Detailed View. The Brief
View allows the user to review the experiment(s) they selected from the
previous page. The Detailed View displays, for each experiment the user
selected, more detailed information including Organization, Experiment Type,

Species, Tissue(s), Stressor Name(s), Experimental Variable(s),

Characteristics That Vary Between Samples, Submission Date, Experiment
Description. Also provided are links for Data Files Download (see
Download Data Files chapter 6) and Data Quality Information (see Quality
Control Information chapter 8). Click on an Experiment ID link from Brief
View brings down to the Detailed View, so that the user can view the
detailed experiment report for this particular experiment. Click on the Back to
Top link under each report to return to the Brief View.

cebsfeedback@list.niehs.nih.gov
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6.4. Download Data Files

Once you have chosen an experiment and selected the link for data files
download from the Detailed View of Experiment Information Report page, the
Date Files Download page will be displayed, which contains links to experiment
data files (Figure 15 - File Download Page).

Microarray Data Files Download

l‘u Dowiload .t Files _|| =

n Back to Previous Page

Figure 15 - File Download Page

In this example, the following files can be downloaded:

o ixt files
e MAGEML file

Other data files that may also be available for download include:

e _celfiles
e Sample files
e _.rptfiles

Once a Download File button has been clicked, the File Download dialog box
will appear (Figure 16— File Download Dialog Box)

cebsfeedback@list.niehs.nih.gov 20




File Download [7|

2 -

Some files can harm your computer., If the file information below looks
suspicious, oryou do not fully trust the source, do not open or save this
file

File name: 160248408cel.zip

File type

Fram:

WinZip File

cebs niehs.nih,goy

Wiould you like to open the file or save it to your computer?

Open ] ‘ Save | l Cancel ] [ taore Info

[¥] Always ask betore opening this type of file

Figure 16— File Download Dialog Box

Click Save and then choose the location where you wish to save the file and click
Save again (Figure 17 — File Download Save Options).

Save As @
Savein: i ) My Documents v ‘ « B 2 v
5 CICERS Microarray User GLide 8-2003.zp C)Paul's attachments (Didea
L\ﬁ Deebs_microarray_gide.zip [EIMy Data Sources DicaBio
My Recent D 1844xml.zp [EVS Docs Ssql
Documents SILMS_Diemo.zip [CDbiclMotry DNTP co
— ICDCERS sample sheets Dpaul's code Zschool
| ZDownloaded Programs EMicroarray CEBS D Java cc
Deskiop i.‘_i‘:CEBS Docs 2Sprints bJa
() database script DicaCore DiTestDB
- (Sntp work DCOsCse0s Dava S
//- [ZICEBS CV Documents ISTWARS DJava B
IZ)table size Lpdate [Dproteomics D@JavaPr
My BEcuments D openoffice ©FTP 2ms nan
— | [@roscelz [DTest data DTelecor
’11 IEEXCEL CV Test [EHTML Pages Examples [DPerson;
"Jj ICCERS Live Data [CCERS graphics iData ¢
My Computer  E3john test @My Webs D0aly
ISicheng cheng =My Pictres [DErmor Li
"\3 < >
bty Metwork. :
Places File name: ¥ | I Save l
Save as type: §Win2ip File A4 } l Cancel ]

Figure 17 — File Download Save Options

The files downloaded will be archived with WinZip and will have the .zip file
extension. You must first use WinZip, or some other similar file compression
program, to unzip the file before you can access the data.
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7. Data Analysis

CEBS provides a set of tools for analyzing data from several microarray
platforms. A user can retrieve data from all or a subset of arrays in an experiment
and perform analysis. The analysis workflow starts with data preprocessing.
CEBS offers a variety of options to preprocess the data, curtailed to the platform
and/or image processing software. The processed data set can then be
visualized in exploratory plots and is stored at the server for subsequent analysis.
Currently, CEBS has implemented a data comparison tool to allow for
identification of differentially expressed genes by magnitude of difference in
expression, and/or statistical significance of the difference, based on user
specification. The results from the comparison tool can then be utilized by CEBS
tools for biological analysis and visualization, which facilitate identification of the
categories of biological activities (as provided by BioCarta, KEGG and Gene
Ontology) that demonstrate the most significant difference in gene expression.

7.1. Select Experiment(s) to Analyze:

The users can select one or multiple experiments that they wish to analyze from
the Brief View of Experiment Information Report page (Figure 14 —
Experiment Information Report Screen). Click on Analyze Selected
Experiment(s) to invoke Select Arrays for Analysis pages that allow the users
to view and select arrays as input, in each of the experiments of interest (see
Data Selection and Retrieval chapter for details).

Note: multiple experiments can be analyzed together ONLY when they have the
same platform and matched array design ID.

7.2. Data Selection and Retrieval:

Once you have clicked on Analyze Selected Experiment(s) from Experiment
Information Report page (Figure 14 — Experiment Information Report Screen),
you will enter Select Arrays for Analysis page (Figure 18). The page presents
a complete list of arrays in the selected experiment, together with information that
is captured for each array.

The user can select all the arrays, or a subset of them, in an experiment, as input
for subsequent analysis. Click on Select All or None to select all arrays or de-
select them all. For two-channel microarray data, the user can indicate the
reverse labeled (dye swapping) arrays, so the two channels will be reversed back
during data processing. The only exception is the output of ArraySuite software,
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from which the output is already based on the sample and reference selection
instead of the type of dye labeling. In this case, the data from the two channels
will not be reversed during the preprocessing.

If multiple experiments are selected from Experiment Information Report page
(plus, they have the same platform and matched array designs), the array
information for all the experiments will be displayed, with one experiment on each
page, in the order of the experiments displayed. Click on Continue to navigate
through, view and select arrays in every experiment, until you have made array
selections for all the experiments you have chosen for analysis. Finally, click on
Continue to complete the data set selection and retrieval. Now you are ready to
perform data set preprocessing (see Preprocessing chapter 7).

Experiment 1 of 1
TRCICRP Standardization Experiment One

*Please carefully review the sample infarmation below and designate the arrays with Rewerse Labeling. The data from these
arrays will be adjusted accordingly during data preprocessing. Failure to do sowill resultin incorrect analysis results.

Select Reverse
&ll | Hone Array Hame Labeling’ Sample Hame Dye
mouse liver RNA A3 (SR} | Cy3
pa0s35_si_fi F

mouse liver RNAAS (SG) | Cy5

mouse liver RMA A3 (SR) | Cyd
p90s36_si_fci ]
mouse liver RMA AS (S5 | Cya

mouse liver RMA AS (S5 | Gyl
pa0s37_si_foi |
mouse liver RMA A3 (SR) | Cya

mouse liver RMA AS (S5 | Tyl
pa0s38_si_foi ]
mouse liver RMAAI (SR) | Cya

mouse RMA pool A2 (SRE | Gyl
pa0s39_si_foi |
mouse liver RMNA AS (S5 | Cya

mouse liver RMNA A (S5 | Oyl
pa0s41_si_fei ]
mouse RMA pool A2 (SE) | Cya

mouse liver RMNA AS (S5 | Oyl
pa0s42 si fi |

mouse RMA pool A2 (SE) | Cya

mouse RMA pool A2 (SRE) | Oyl

pa0s43 si fi |
mouse liver RMNA A (S5 | Tyl

j Back j Continue

Figure 18 — Select Arrays for Analysis
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7.3. Preprocessing:

CEBS offers a variety of options for data filtering, transformation and
normalization for both one-channel and two-channel microarray data. The goal is
to allow for meaningful cross-array comparison of gene expression data.

7.3.1. Two-channel arrays:

CEBS supports preprocessing of two-channel microarray data from several types
of image processing software, including Affymetrix (Figure 19), GenePix (Figure

20), ArraySuite (Figure 21), Agilent’s Feature Extraction software (Figure 22),

and Generic One Channel (Figure 23). For GenePix, the raw spot intensity

values will be used for preprocessing. In the cases of Agilent and ArraySuite, the
users can either use the derived data (e.g. log-ratio, or ratio) that is computed by
the image processing software, or use the raw spot intensity values.

The raw intensity data from two-channel arrays is filtered by an intensity
threshold, and/or flags and other spot-level quality indicators from each platform
based on user-specifications. The user has the option to perform Linear
Normalization, or within-array normalization using LOWESS on log-ratio vs. log-
product of intensities from both channels, using a user-specified Span value. A
Cross-array Normalization algorithm based on inter-quarter range or median-
absolute deviation is provided.
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Data Set Preprocessi

ng Options

Spat Filtering

Intensity Threshold:
Consider Intensity under Threshold as:
Filter by Absolute Call:

Consider Excluded Probe Sets as:

| Threshold ~ +|

| Include all probe sets V|

| Missing Walue V|

Scaling/Mormalization

Scale/Maormalize by:
Trim:
Target Intensity:

[ Perform Crass-array Mormalization Based an:

| kean intensity of all probe sets w

| Imter-quartile range |+

ﬂ Back ﬂ Continue

Figure 19 —Affymetrix prep

rocessing page

Data Set Preprocessing Options

Spot Filtering

Filter by Flag:
Intensity Threshold far Channeli(s):

Consider Intensity under Threshold as:

| either v | == 100

Threshold

Mormalization

*) Linear Marmalization:

centering by | kean ratio of all genes

> Intensity-dependent Marmalization (L OWYESS):

span (valid value:
0-13
[1 Perform Cross-array Marmalization | Inter-guartile range vl

Based on:

ﬂ Back ﬂ Continue

Figure 20 - GenePix preprocessing page
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Data Set Preprocessing Options

& Use ArraySuite Software Calibrated Ratio (calRatio):

This aption will use ArraySuite normalized ratio for analysis, therefore do not specify any options
below

) Use CEBS Preprocessing Options:

Selectthis choice ifyvou wish to use our =erver =side preprocessing tool. Please specify the following
options before continuing.

Spot Filtering
Signal to Moise Ratio (SMNR, valid value: >==0):

== |0
Ratio Measurement Quality (rQuality, valid value: 0-17): =
Filter Spots by Intensity Threshold:
@y Use Mean Intensity “alue of Blank Spots on the Chip
¢ Intensity Threshold for Channel (valid value: 0-20007: -— 100

Hormalization

& Linear Mormalization:

centering by | hdean ratio of all genes -
¢ Intensity-dependent Mormalization(LOWWESS):

span fvalid value: 0O-11 (g 4

[] Perform Cross-array Mormalization Based on: Inter-quatile range ~

j Back j Continue

Figure 21 —ArraySuite Preprocessing Page

Data Set Preprocessing Options

&) Use Agilent Software Calibrated Log Ratio:

This aption will use Agilent narmalized log ratio for analysis, therefore do not specify any options
below.

2 Use CEBS Preprocessing Options:

Selectthis chaice ifyvou wish to use our server side preprocessing tool. Please specify the fallowing
options before continuing.

Spot Filtering
Intensity Threshold for Channel(s): either v | == |100

Consider Intensity under Threshold as: Threshaold

MHormalization

&) Linear Maormalization:

centering by | kean ratio of all genes e
> Intensity-dependent Mormalization (LOWWESS):

span (valid value: 0-1) |q 4

[ Perform Cross-array Mormalization Based an: Imter-quartile range -~

j Back j Continue

Figure 22 - Agilent preprocessing Page
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Data Set Preprocessing Options

Woud may choose to use either Mormalized data or Raw data for analysis. Mote that an option
may be disabled if the required quantitation type is not available in this data set.

@ Use Mormalized Data:

The normalized intensity value in the ariginal data file will be used as input for subsequent
analysis directhy.

Use Raw Data:

The raw foreground and background intensities ar the raw =signal intensity (background-
subtracted) will be processed with the following filtering and normalization options.

Spot Filtering
Intensity Threshold:

Consider Intensity under Threshold as:

Scaling/Normalization

ScaledMarmalize by:
Trirm:

Ferform Cross-array Maormalization Based
ar:

ﬂ Back ﬂ Continue

Figure 23 - Generic One Channel preprocessing page

7.3.2. One-channel arrays

The Affymetrix average difference or signal data is filtered based on the absolute
call or detection call, as the user specified. The intensity or signal values are then
scaled so that the mean or median intensity of each array is to be a user-
specified target intensity. A small percentage of extreme values (as specified by
Trim) are excluded when calculating means for scaling. The intensity values
under a user-specified threshold are then adjusted to the threshold or as missing

values for future analysis (Figure 19). A Cross-array Normalization algorithm
based on inter-quartile range is provided.
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7.4. Visualization of Microarray Gene Expression Data

After the data set preprocessing, CEBS provides the users with exploratory plots,
an intuitive way to obtain gene expression data and to judge the comparability of
the data sets that are selected from single or multiple experiments. The visual
presentation of data can serve as part of an explorative analysis to help users
determine the general trends in the data. Based on the visual presentation of
data, the users can also determine if different options or parameters for
normalization should be used.

On the options page (Figure 24), click on Visualize Preprocessed Data to view
the graphic representation of preprocessed data displayed in the next page
(Figure 25-Figure 27). Alternatively, you may choose to begin microarray data
analysis by clicking on Analyze Preprocessed Data.

Microarray Data Analysis Options

A processed data set has been generated. |t is stored at the server and ready for further
analyses,

You are now ready to continue microarray analysis on the preprocessed data by clicking
“Analyze Preprocessed Data”

Alternatively, you may choose to view the exploratory plots of the preprocessed data
before you go ahead for further analysis, by clicking "Yisualize Preprocessed Data".

ﬂ Analyze Preprocessed Data ﬂ Visualize Preprocessed Data

Figure 24 — Analysis Options
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Currently, CEBS provides three types of plots for the purpose of visualization:
Box-Whisker Plot, Dendrogram, and Multi-dimentional Scaling Plot.

The Box-Whisker Plot (Figure 25) portrays the essential data distribution
characteristics, such as maximum, minimum, median, lower quartile, upper
quartile, and outliers, for each of the arrays the user selected for analysis (see
Data Selection and Retrieval chapter 7.2).

Box-Whisker Plot

This plat displays distribution characteristics, such as central tendency (median) and ranges (the |ower and
upper quartiles) of data from each array. The log scale is used.

l

1 l I
<!> T Ag’ T —E_ _g_

4 2 2 2 <

logZ—raho
Q
|
Al H o 0_ I H

A7 -
A2

See Legend for Array Information
Backto Preprocessing | Continue Microarray Analysis

Figure 25 — Box-Whisker Plot — Microarray Visualization Tool
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The Dendrogram (Figure 26) allows the users to view the relative similarities

between arrays and hierarchical clustering of arrays, by clustering the arrays with
similar patterns. The distances used for clustering are 1-pearson correlations
between expression value (in log scale) from arrays. The left axis shows the
distances between arrays or average distances between clusters of arrays.

Clustering of Arrays

This plot displays the relative similarities between arrays (based on Pearson correlation of glabal
expression), and hierarchical clustering of arrays.

2R
|

15
|

12

1—FPearson Correlation

o

1 ]

2 2

Al
A2

Arrays

See Legend for Array Information
Backto Preprocessing | Continue Microarray Analysis

Figure 26 — Dendrogram — Microarray Visualization Tool
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The Multi-dimentional Scaling Plot (MDS Plot, Figure 27) projects the relative
distances between arrays to two-dimentional space with a multi-dimentional
scaling algorithm and portrays the relative similarities between arrays, i.e. arrays
with expression similarities cluster close to one another.

Multi-dimentional Scaling Plot

This plot displays the relative similarities of arrays (and the gene expression of samples therein) by
projecting the distances between arrays (based an 1-pearson correlation) from high dimentional into two-
dimentional space using multi-dimentional scaling algorithrm.

=2
no_
=
i
. &
C
2o & f
E
o]
J5
bk
s
LS
= |

I I I I I
-1.0 -0.5 0.0 0.5 1.0

Dimension 1

See Legend for Array Information

Figure 27 — Multi-dimentional Scaling Plot — Microarray Visualization Tool

To construct above exploratory plots in a convenient and intuitive way, a series of
color codes are used to represent samples from different experiments. The link
See Legend for Array Information under each plot image directs the user to
detailed interpretation of the labels (such as A1, A2, B3, etc.) in the plots
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corresponding to the arrays used in preprocessing. Information such as
Experiment ID, Array Name and Sample Name is provided. In addition,
Experiment Title is also displayed for each Experiment ID of the array samples in

preprocessing (Figure 28).

Legend for Array Information

Label | Experiment 1D Array Hame Sample Hame

mouse REA pool AZ0Cy 30
Al 185724001 2002-10-11_Res3-Cy3-FPool-ws-Cya_LAS
mouse liver RMNA ASCYyE)

mouse RMNA pool AZ(CY3E
A2 185724001 2002-10-11_Res4-Cy3-Pool-ws-Cya_LAS
mouse liver RMNA AS(TYS)

mouse liver RRA AS(Cy3)
A 185724001 2002-10-22_Res5-CyIlLAsCyspool
mouse RMNA pool AZ(CyE)

mouse liver RRA AS(Cy3)
A4 185724001 2002-10-22_ResB-CyIlLAsCyspool
mouse RMNA pool AZ(CyE)

mouse liver RRNA AS(Cy3)
AA 185724001 2002-10-25_Res_7-LASCy3_LACYS

mouse liver RRNA A30CyE)

mouse liver RRNA AS(Cy3)
5] 185724001 2002-10-25_Res_8-LASCy3_LACYS

mouse liver RRNA A3(CyE)

mouse liver RRNA A3(Cy3)
AT 185724001 2002-10-9_Res1-Cy3LA3_Cyalhs

mouse liver RRNA A5(CyE)

mouse liver RRNA A3(Cy3)

AR 185724001 2002-10-9_FRes2-Cy3LA3_Cyalhs
mouse liver RRNA A5(CyE)

Experiment Information

Experiment 1D Title

185724001 TRCIMCRP Standardization Experiment One

j Back to Preprocessing j Continue Microarray fAnalysis

Figure 28 — Legend for the Microarray Visualization Tools

Click on Continue Microarray Analysis to go to the sample
grouping/comparison page to begin analysis (Figure 29). Alternatively, the users

may choose Back to Preprocessing to re-do preprocessing with a different set
of methods and parameters.
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7.5. Comparison Analysis and ldentification of Differentially-
expressed Genes

CEBS provides server-side tools to compare samples or groups of samples to
identify differentially expressed genes, by the magnitude of the difference (e.g.

fold change) in expression levels and/or statistical significance of the differences.

Currently, CEBS provides two types of comparison (Figure 29): (1) Comparison

of Two Groups of Arrays: the user can compare arrays from two biological
conditions, designated A and B, with or without replicates. This type of
comparison applies to Affymetrix and two-channel array data with common
reference. (2) Comparison of Samples in the Same Arrays: the user can
compare samples from different channels in the same arrays. This type of
comparison applies to two-channel array data only.

Perform Comparison Analysis to Identify
Differentially Expressed Genes

Differentially expressed genes are identified by magnitude and statistical significance {fwhen
applicable) of the difference. CEBS provides several statistical tests, as well as means to
control False Discovery Rate (FOR) and Family-wise Errar Rate (FVWER) for comparison
analysis.

& Comparison of Two Groups of Arrays: The comparison will be performed between the
expression values (i.e. intensities or ratio, possibly with log transformation) of different
groups of arrays. This type of comparison can be used with Affymetrix GeneChip data,
two-channel array data with cormmon reference, or whenever it is appropriate to compare
the ratios between groups of arrays.

{3 Comparison of Samples in the Same Arrays: This type of comparison is based on
the deviation of the ratios (of intensities between twa channels) fram 1, or log-ratios from
0. The statistical significance will be based on variance of expression values for each
gene across replicate arrays. Mo cross-gene error model is used in current
implementation.

j Back ﬂ Continue

Figure 29 — Comparison Analysis Page

cebsfeedback@list.niehs.nih.gov

33



7.5.1.

Type I: Comparison of Two Groups of Arrays

Choose this type of comparison and click on Continue, you will enter Select

Assign samples/arrays for comparison

Arrays for Comparison Analysis page that allows you to select arrays that you
wish to compare and assign them to condition A or B (Figure 30). Note that you

may make single-sample comparison by comparing single array of A against

another single array of B, or multiple-sample comparison by comparing

multiple arrays of A against multiple arrays of B. Click on Reset to cancel the
current selections and re-select. Click on Continue to come to the next page
where you are provided with a combination of comparison methods and

parameters (Figure 32).

Experiment

185724001

186724001

185724001

184724001

185724001

185724001

186724001

185724001

Select Arrays for Comparison Analysis

Array Hame

2002-10-11_Res3-Cy3-Pool-vs-Cyd_LAS
2002-10-11_Resd-Cy3-Pool-vs-Cyh_LAS
2002-10-22_Res5-Cy3LASCySpoal
2002-10-22_ ResB-Cy3LAsCyapoal
2002-10-25_Res_7-LASCy3_LACYS
2002-10-25_Res_8-LASCY3 LACYS
2002-10-9_Res1-Cy3LA3_CyalAs

2002-10-9_Res2-Cy3LA3_Cy5LAS

<] Back

®] Reset

Sample Hame
mouse RNA pool A3
mouse liver RA AS
mouse RMA pool A3
mouge liver RRA AS
mouge liver RRA AS
mouse RNA pool A3
mouse |iver RiA AS
mouse RMA pool A3
mouse liver RMNA AS
mouge liver RRA A3
mouse liver RRA AS
mouse |iver RMNA A3
maouse |liver RA A3
mouse |iver RMA AS
mouse liver RMNA A3

mouse liver RMNA AS

Dye | Array Group &  Array Group B | Heither

Cy3
Cy5 2
Cy3
Cyh ©
Cyl
Cyh
Cy3
Cy5
Cy3
Cyh
Cyd
Cy5
Cy3
Cy5
Cy3
Cyh

j Continue

C

C

Please select arrays that you wish to compare, either with or withowt replicates. If there are replicates for both conditions, statistical
significance will be evaluated using the methods on the next page.

@

@

Figure 30 — Select Arrays for Comparison: Two Groups
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Type Il: Comparison of Samples in the Same Arrays

Choose this type of comparison and click on Continue, you will enter Select
Arrays for Comparison Analysis page that allows you to select arrays for a

channel-to-channel comparison (Figure 31). Note that you may make single-
sample comparison by selecting a single array, or multiple-sample

comparison by selecting multiple arrays. Because this comparison is between

the two channels of arrays of interest, for Affymetrix chips, this type of

comparison is not available. Click on Reset to cancel the current selections and

re-select. Click on Continue to come to the next page where you are provided
with a combination of comparison methods and parameters (Figure 32).

significance will be evaluated using the methods on the next page.

Experiment Array Hame

185724001 | 2002-10-11_Res3-Cy3-Poolkvs-Cya_LAS

185724001 | 200Z2-10-11_Res4-Cy3-Poolkvs-Cya_LAS

185724001 | 2002-10-22_Ress-Cy3LASCySpool

185724001 | 2002-10-22_Res6-Cy3LASCySpool

185724001 | 2002-10-25_Res_T-LASCy3_LACYS

185724001 | 2002-10-25_Res_8-LASCy3_LACYS

185724001 | 2002-10-9_Res1-Cy3LA3_Cy5LAS

185724001 | 2002-10-9_Res2-Cy3LA3_Cy5LAS

<|Back R Reset

Select Arrays for Comparison Analysis

Sample Hame
mouse RNA pool A3
mouse liver RMNA AS
mouse RNA pool A3
mouse liver RMNA AS
mouse liver RMNA AS
mouse RNA pool A3
moause liver RMNA A5
mouse RNA pool A3
mouse liver RMNA AS
mouse liver RMNA A3
moause liver RMNA A5
mouse liver RMNA A3
mouse liver RMNA A3
mouse liver RMNA AS
moaouse liver RMNA A3

mouse liver RMNA AS

j Continue

Dye
Cy3
Cy5
Cy3
Cy5
Cy3
Cy5
Cy3
Cy5
Cy3
Cy5
Cy3
Cy5
Cy3
Cy5
Cy3
Cy5

Select | Hot Select

O

O

Flease select arrays that you wish to compare, either with or without replicates. If there are replicates for both conditions, statistical

@

@

Figure 31 — Select Arrays for comparison: Single Group
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7.5.2. Select the Criteria for Differentially Expressed Genes

Type I: Comparison of Two Groups of Arrays

Once you have selected arrays that you wish to compare and clicked on
Continue (Figure 30), you will enter the page where a combination of
comparison methods/parameters are provided as criteria for differentially
expressed gene(s) (Figure 32).

Define Criteria for Differentially Expressed Gene(s)

== Minimum Fold Change: |2
== Statistical Significance: (only applicable when comparing multiple samplesfarrays)

Step 1. Choose the following test far each gene:
&t test

O Wilcoxon test

Step 2. Choose a pwvalue threshold and a multiple testing procedure to apply:
& Directly use single gene test pvalues at threshold of | 0.05

< Control False Discovery Rate (FOR) with adjusted pvalue below [ 0.1 e
bethod to contral FOA:
&) Benjamini & Hochberg step-up procedure
2 Benjamini & Yekutieli step-up procedure
2 Control Family-wise Type-l1 Error Rate (AWER with adjusted pvalue below | 0.1 )
Fethod to control AW ER:
&) Holm step-down procedure
2 Sidak single-step procedure
O Sidak step-down procedure
> Bonferrani

» Do not use the pvalues for gene selection

j Back ﬂ Reset j Continue

Figure 32 — Criteria for Differentially Expressed Genes

The user can choose either or both of the following criteria to select differentially
expressed genes:

1. Specify a Minimum Fold Change between (group) A and B. Any genes
that have fold changes greater between (group) A and B will be
designated as differentially expressed by this criterion.

2. For multiple-sample comparison, the user can choose a type of test
statistics, and a threshold for it, as selecting criteria. The p-values from
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single test for each gene, or adjusted p-values computed with the
selected multiple-testing method for control of false positive rate or family-
wise error rate, can be used. The user can also choose not to use p-value
for gene selection. For single-sample comparison, the statistical test
procedures here are not applicable.

In addition, the following procedures are also available for multiple-sample
comparison:

The magnitude of the differences between the geometric means of expression
levels for each gene from the two groups will be computed. The significance of
the differences is also evaluated, with two-sample t test with un-equal variance
(Welch) or non-parametric Wilcoxon rank sum test (Mann-Whitney), as specified
by the user.

Several methods to control the false discovery rate (FDR) in comparison of
thousands of genes in microarray are provided. CEBS currently implements the
Benjamini & Hochberg and Benjamini & Yekutieli procedures for strong
control of the false discovery rate (FDR). The adjusted p-values will be
computed using the method selected by the user.

CEBS also provides means to control family-wise Type-I error rate (FWER).
The user can select Holm, Sidak, or Bonferroni procedure for strong control of
the family-wise Type | error rate.

Type Il: Comparison of Samples in the Same Arrays

Once you have selected arrays that you wish to compare and select Continue
(Figure 31), you will now enter the page where a combination of comparison
methods and parameters are provided as criteria for differentially expressed
gene(s) (Figure 33).
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Define Criteria for Differentially Expressed Gene(s)

=> Minimum Fold Change: |2
=» Statistical Significance: (only applicable when comparing multiple samplesfarrays)

Step 1. Choose the following test for each gene:
&t test

O Wilcoxon test

Step 2. Choose a pvalue threshold and a multiple testing procedure to apply:

#*

@) Directly use single gene test pvalues at threshold of [ 0.05
2 Caontrol False Discovery Rate (FDR) with adjusted gvalue below [ 0.1 o
MMethod to caontral FO0A:
&) Benjamini & Hochbery step-up procedure
2 Benjamini & Y¥ekutieli step-up procedure
2 Contral Family-wise Type-1 Error Rate (FWES) with adjusted pvalue below | 0.1 -
bethod to caontral PWER:
&) Holm step-down procedure
2 Sidak single-step procedure
2 Sidak step-down procedure
& Banferroni

> Do not use the pvalues for gene selection

j Back ﬂ Reset j Continue

Figure 33 — Criteria for Differentially Expressed Genes

The user can choose either or both of the following criteria to select differentially
expressed genes:

1. Specify a Minimum Fold Change between two channels. Any genes that
have fold changes greater between two channels will be designated as
differentially expressed by this criterion.

2. For multiple-sample comparison, the user can choose a type of test
statistics, and a threshold for it, as selecting criteria. The p-values from
single test for each gene, or adjusted p-values computed with the
selected multiple-testing method for control of false positive rate or family-
wise error rate, can be used. The user can also choose not to use p-value
for gene selection. For single-sample comparison, the statistical test
procedures here are not applicable.

In addition, the following procedures are also available for multiple-sample
comparison:
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The significance of the differences is evaluated, with one-sample t test or non-
parametric one-sample Wilcoxon (signed rank) test, as specified by the user.

Several methods to control the false discovery rate (FDR) in comparison of
thousands of genes in microarray are provided. CEBS currently implements the
Benjamini & Hochberg and Benjamini & Yekutieli procedures for strong
control of the false discovery rate (FDR). The adjusted p-values will be
computed using the method selected by the user.

CEBS also provides means to control family-wise Type-I error rate (FWER).
The user can select Holm, Sidak, or Bonferroni procedures for strong control of
the family-wise Type | error rate.

7.5.3. References

For detailed information about the multiple testing procedures and their
applications in microarray data analysis, see the following reference and
documentation from the BioConductor documentation:

Y. Benjamini and Y. Hochberg (1995). Controlling the false discovery rate:
a practical and powerful approach to multiple testing. J. R. Statist. Soc. B.
Vol. 57: 289-300.

Y. Benjamini and D. Yekutieli (2001). The control of the false discovery
rate in multiple hypothesis testing under dependency. Annals of Statistics.
Accepted.

S. Dudoit, J. P. Shaffer, and J. C. Boldrick (Submitted). Multiple
hypothesis testing in microarray experiments.

Y. Ge, S. Dudoit, and T. P. Speed. Resampling-based multiple testing for
microarray data hypothesis, Technical Report #633 of UCB Stat.
http://www.stat.berkeley.edu/~gyc

Y. Hochberg (1988). A sharper Bonferroni procedure for multiple tests of
significance, Biometrika. Vol. 75: 800-802.

S. Holm (1979). A simple sequentially rejective multiple test procedure.
Scand. J. Statist.. Vol. 6: 65-70.
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7.6. Performing Biological Analysis of Gene Expression Data

Biological analyses are performed on the result of previous statistical analysis,
e.g. the comparison analysis. Biological annotation and information about
categories of biological activities (CBA) from different sources are incorporated
during this stage of analysis to facilitate understanding of gene expression data.

CEBS provides the following options for a comprehensive biological analysis
(Figure 34):

Performing gene category analysis by BioCarta Pathways;
Performing gene category analysis by KEGG Pathways;
Performing gene category analysis by Gene Ontology (GO);
Viewing expression report for all differentially expressed genes.

In these analyses, the gene level expression reports are presented together with
gene annotations.

Biological Analysis of Gene Expression Data

Biological analyses are performed an the result of previous statistical analysis, e.g. the
camparison analysis. Biological annotation and information about categories of biolagical
activities (CBA) from different sources are incorporated during this stage of analysis to
facilitate understanding of gene expression data.

(*) View Expression Report for All Differentially Expressed Genes

O Perform Gene Category Analysis by BioCarta Pathways

) Perform Gene Category Analysis by KEGG Pathways

O Perform Gene Category Analysis by Gene Ontology (GO}

Disclaimer:  Academicians and non-academicians must refer to BioCarta Terms and
Conditions and KEGG Terms and Conditions for additional use of this material.

ﬂ Back ﬂ Continue

Figure 34 — Biological Analysis of Gene Expression Data
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7.7. Perform Gene Category Analysis by BioCarta Pathways:

7.7.1. Gene Categories Represented in Array

Choose Perform Gene Category Analysis by BioCarta Pathways to view the
Gene Categories Represented in Array page that displays a list of BioCarta
pathways and statistical information for gene expression on the pathway level
(Figure 35).

Gene Categories Represented in Array

Category Information Provided by BioCarta  (See Terms and Conditions of use)

+ Total Mumber of Gene Categaties: 268

* View Diffarantially Expressed Genes Notin Any BioCara Pathways

& This Table js Sortable by Clicking on g Column Header

*]

*
* Click onthe Following Links for Data Export: J Export Report Export Sample Data

Gene cateqory name Total Up Down Change | Enrichment m ex;t:;:;t:!?:dorts

_-afresting in GPCR Desensitization il o ] i] 0o 1.0 Genes | Diadratm
Acetylation and Deacetylation of Rel& in The Mucleus 11 I} 0 1} 0.0 1.0 Genes | Diagram
Activation of cAMP-dependent protein kinase, PKA 500 1] 1] 0.0 1.0 Genes | Diagram
Innots Sanaing wough i T Cel Recepter | 10| O 0| 0 ¢ 10| Qenes| Disumm
Activation of PKC thraugh G protein coupled receptor 7/ 0 0 i} 0.0 1.0 Genes | Diagram
Activation of Src by Protein-tyrasine phosphatase alpha 51 0 ] i] 0o 1.0 Genes | Diagrarm
Adhesion Maolecules an Lymphocyte a0 0 0 i} 0.0 1.0 Genes | Diagram
ADP-Rikosylation Factar 16 0 ] i] 0o 1.0 Genes | Diadratm
Agrin in Postsynaptic Differentiation 290 0 i} 0.0 1.0 Genes | Diagram
Ahr Signal Transduction Pathrway B 0 0 0 0.0 1.0 Genes

AKAPSS role in mitosis and chromosome dynamics 140 1] 1] 0o 1.0 Genes | Diagram

Figure 35 — BioCarta Pathways Page

Gene Category Name column displays the pathway name. Total column
displays the number of all the design elements for which the represented genes
are in the specific pathway. Up, Down and Change columns represent the
number of up-regulated, down-regulated and changed gene expressions for the
comparison criteria you used. The relative proportion of changed genes in a
gene category as compared to overall proportion of changed genes among the
total number of genes with available expression value (excluding genes with
missing expression data) is presented as an Enrichment factor. If the
enrichment factor is greater than 1, the gene category has an enrichment of
changed compared to all genes, while an enrichment factor less than 1 means
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the gene category has a depletion in the changed gene. A two-sided Fisher
Exact Test p-value is also provided as indication of the probability of observing

such a number of changed genes in the pathway by chance (Figure 35).

Click on Gene Category Name column header to sort the pathways by pathway
name alphabetically. Click on Total, Up, Down, Change, Enrichment column
headers to sort the pathways by the specific column name in a descending order.
Click on Fisher Exact Test p-value to sort the pathways in an ascending order.

For example, when you click the Change column header, the pathways are
displayed in the descending order of the number of changed expressions. At this
time, the pathways with differentially expressed genes, i.e. the pathways with a
non-zero number in the Change column, will be distinguished from those without
any changed gene expressions.

Select the link on the page to view the genes that have shown differential
expression for the criteria you specified and are not in any BioCarta pathways.
See Differentially Expressed Genes Not in BioCarta Pathways for details,
Section 7.7 .4.
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7.7.2. Pathway Diagram

Pathway Diagram Page provides a re-engineered graphical representation of
genes in a particular category of biological activity based on BioCarta pathways

(Figure 36). It also incorporates into the pathway diagram the information about

the gene expression, particularly the results from comparison between two
biological states as chosen by the user.

AKT Signaling Pathway @

Category Information Provided By BioCarta
[(See Terms and Conditions of use) Legend

To view the pathway diagram, you will need Adobe SWG Yiewer installed. Click here to download the
SWIG Viewer from Adobe.

Thraoa
-] P P s - {p85 : p110)
HspS0 . Ake b | Akt - PIP3

P o
Serd73 S/ Y -
- /'f"<( Iﬂ F:/y Genes On Chip

-~ <Pkt
w0 —/\T
.
Fkhr // 0, ') k’ (M
(Fkhr1 (PR 1 P \ -

Psgﬂ.._sﬁ Ser136 Bad { Bad

14-3-3 \ T
Serl196
; P S
|Caspase 8 = ! Caspase 9 Cell Survival A

\ v ¢
5 ? : il Pathway Summary Report
o \\x\\-—. Cell Survival \*—-———"Armptos's

-

Cell Survival \‘—————» it %
- e] /

b Fas-L

Figure 36 — BioCarta Pathway Diagram page

Click on a gene displayed on the pathway diagram to invoke the Gene Info Page
(Figure 55) for more detailed information of the selected gene.

Select the Genes on Chip button to view the genes that are represented in the
chip for the pathway selected highlighted in pink (Figure 37).

Select the Expression +/- button to view the differentially expressed genes
highlighted in distinct colors: red for up-regulated genes, blue for down-regulated
genes and green for those genes represented by multiple features (Figure 38).

Select the Reset to reset the pathway diagram (Figure 36).
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Select the Pathway Summary Report to view the summary data of gene
expression for the pathway selected (Figure 39).
AKT Signaling Pathway &

Category Inforrmation Provided By BioCarta
(See Terms and Conditions of use) Legend

To view the pathway diagram, you will need Adobe S%G Wiewer installed. Click here to download the
SWG Wiewer from Adobe.

stands for genes on the chip

Genes On Chip

. 3 8 ,
E . Cell Survival b
\ ~ v \
S i "= cell Survind Pathway Summary Report
~_ & Cell Survival — = Apoptosis

e

(

Cell Survival

Figure 37 — BioCarta: Genes on Chip
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AKT Signaling Pathway 2 ]

Category Information Provided By BioCarta
(See Terms and Conditions of use) Legend

To view the pathway diagram, you will need Adobe 3WG Wiewer installed. Click here to download the
SV Viewer from Adobe.

stands for gene(s) without detected change.

I stands for up-regulated gene(s) (2 fold).
I stands for down-regulated gene(s) (2 fold).
I stands for gene(s) represented by multiple features, but they demonstrate

different trends (increased,decreased,or unchanged) of changes.

Genes On Chip

k Cell Survival\ (’
ol S \-——"Apoptosis Cell Survid Pathway Summary Report
Urvrval

Figure 38 — BioCarta Pathway Summary Report

7.7.3. Expression Report for Genes in the Pathway

Expression Report for Genes in the Pathway displays a summary of the
expression of genes in the selected pathway, including up-regulated, down-

regulated and non-differentially expressed genes (Figure 39).

For two-channel arrays, the Feature Name represents the name of reporter. The
expression levels are represented by log2 ratios (sample-sample comparisons),
or mean log2 ratios (group-group comparisons). For Affymetrix arrays, the
Probe Set represents the name of reporter. log2 intensities are used for
sample-sample comparisons, while mean log2 intensities are used for group-
group comparisons. The Gene Symbol and Gene Title represent the name and
title of the target gene, respectively. The Change column is used to indicate
whether the gene expression is up- or down-regulated, by the criteria selected by
the user. log2(A)-log2(B) represents the difference between (group) A and B,
while Log2 ratio is used for the difference between two channels. A/B
represents the fold change between (group) A and B, while Ratio is used for the
fold change between two channels. A Raw p-value is displayed to indicate the
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confidence level of differential expression between the two groups of arrays,
based on the statistical test for the data on the particular gene. An Adjusted p-
value is derived from the single test p-value, through applying a selected multiple
testing procedure to control the false discovery rate or family-wise error rate.

Click on a Gene Symbol on the list to (Figure 39) view the detailed gene

information on Gene Info Page (Figure 55).

Click on a column header to sort the pathways in order of that column. For
example, select the Raw p-value column to display the pathways in an
ascending order based on the value of the raw p-value.

In addition to the gene expression data, the report also provides the related
information on current analysis: Experiment/Array Selection (Figure 40) and

Options Used for Comparison (Figure 41). Choose to review the information
about the above items by clicking on View button.

Gene Category: AKT Signaling Pathway

= Total Mumber of Records: 16
» This Table is Sorable by Clicking on a Colurmn Header

» Related Information on Current Analysis: | ExpetimentiAray Selaction v

» Click an the Following Links for Data Export: ﬂ Expart Repart ﬂ Export Sample Data

feilre | o= Gene title Change | %2 pauo | PO
H3026006 | Ywhah Tyraosing 3-monooxygenaseitryptophan 8-monooxygenase activation | Unchanged | 047241 | 1.38742 | 0.51942

protein, eta polvpeptide

H3124004 | Caspd Caspase 9 Unchanged | 0.02211 | 1.01544 | 0.84094
H3136H12 | lkbkb Inhibitar of kappaB kinase beta Unchanged | 0.01656 | 1.01155 | 0.875995
H3072E09 | Mikbi Ubiguitin-conjugating enzyme E2D 3 {UBC4/S homolog, yeast) Unchanged | 012532 | 1.08075 074734
H3023A08 | Pppiri3h | Protein phosphatase 1, regulatary (inhibiton subunit 138 Unchanged | -0.07759 | 0.94764 | 0.74768
H30M7EOT Pdpk1 3-phosphoinositide dependent pratein kinase-1 Unchanged | -0.05862 | 0.96018 | 0.07596

H3023E04 Fppiria Frotein phosphatase 2 {formerly 2A), regulatory subunit A (PR 65), Unchanged | 023310 | 117536 | 0.57887
alpha isoform

H3061F05 | Wikl Uhiguitin-conjugating enzyme E20 3 (JBC4S homolog, veast Unchanged | 0.10284 | 1.07389 | 0.00817
H3065B805 | Foxal Forkhead box 01 Unchanged | 0.01966 | 1.01372 | 0.65348
H3135F06 | Hspea Heat shack protein 1, alpha Unchanged | 0.04244 | 1.02985 | 0.66218
H3024C11 Hspea Heat shock protein 1, alpha Unchanged | 0.23043 | 117319 | 0.34333

Figure 39 — Expression Report for Genes
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Experiment / Array Selection for Comparison

Experiment ID
185724001
185724001
1856724001
1856724001
1856724001

Experiment Info

Experiment ID

185724001

Array Hame

Sample Hame

2002-10-11 _Res4-Cy3-Poolws-CyE_LAS | mouse RRA pool A3 (Cy3), mouse liver RRA AS (CyE)

2002-10-22_Res5-Cy3LASCySpool
2002-10-22 ResB-Cy3lLAACyapool
2002-10-24_Res_T-LASCy3_LACYS
2002-10-24_Res_8-LASCy3_LACYS

Title

TRICICRP Standardization Experiment One

mouse liver RMA AS (Cy3), mouse RRA pool A3 (Cya)
mouse liver RMA AS (Cy3), mouse RAA pool A2 (Cya)
mouse liver RMA AS (Cy3), mouse liver RRA A (Tya)
mouse liver RMA AS (Cy3), mouse liver RRA A (Tya)

[ Close Window ]

Figure 40 — The Experiment & Array Currently Selected for Comparison

Options Used for Comparison

Minimum fold change 2
Statistical test ttest

p-value threshold helow 0.04

Close Window

Figure 41 — The Options Currently used for Comparison
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7.7.4. Differentially Expressed Genes Not in BioCarta Pathways

Differentially Expressed Genes Not in BioCarta Pathways report displays a
list of genes that are differentially expressed based on the comparison criteria

you selected which are not in any BioCarta pathways (Figure 42).

For two-channel arrays, the Feature Name represents the name of reporter. The
expression levels are represented by log2 ratios (sample-sample comparisons),
or mean log2 ratios (group-group comparisons). For Affymetrix arrays, the
Probe Set represents the name of reporter. log2 intensities are used for
sample-sample comparisons, while mean log2 intensities are used for group-
group comparisons. The Gene Symbol and Gene Title represent the name and
title of target gene, respectively. The Change column is used to indicate whether
the gene expression is up- or down-regulated using the criteria selected by the
user. log2(A)-log2(B) represents the difference between (group) A and B, while
Log2 ratio is used for the difference between two channels. A/B represents the
fold change between (group) A and B, while Ratio is used for the fold change
between two channels. A Raw p-value is displayed to indicate the confidence
level of differential expression between the two groups of arrays, based on the
statistical test for the data on the particular gene. An Adjusted p-value is
derived from the single test p-value, through applying a selected multiple testing
procedure to control the false discovery rate or family-wise error rate.

Select the the name of a Gene Symbol (Figure 42) on the list to view the

detailed gene information on Gene Info Page (Figure 55).

Select the column header to sort the pathways in order of that column. For
example, select the Raw p-value column to display the pathways in an
ascending order based on the value of the raw p-value.

The report has a function for pagination. If the number of genes is large, the
report is split into smaller pages with 200 genes per page. Users can navigate
through the pages by choosing a page number to go to.

In addition to the gene expression data, the report also provides the related
information on current analysis: Experiment/Array Selection (Figure 40) and

Options Used for Comparison (Figure 41). Choose to review the information
about the above items by clicking on View button.
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« Related Infarmation on Current Analysis: | Experimentfarray Selection

Differentially Expressed Genes Not in BioCarta Pathways

« Total Mumber of Differentially Expressed Genes: 7
e This Table is Sortabie by Clicking on a Column Header

Records 1-7
Feature name Gene symbol Gene title
H3a0a4HO9 ~ T,
H3134D011 Baiaptl BAI1-associated protein 1
H3007HOA 120000801 2Rk RIKEN cOMA 1200008012 gene
H306TEDG Prim2 DA primase, pa8 subunit
H307 2401 2700049A03R 1k RIKEM cOMA 2700049403 nene
H3062F10 ~ A
H3063A01 C230066G23RIkK RIKEM cDMA C230066E23 gene
Note:

1. Mumber of spots with changed expression: 7.
2. ~indicates thatthe information to map the probe to UniGene is not available.

w || Wiew

Change

Up
DCrovn
Droven
Down
Down
Up

Diown

Log2
ratio

:
;

0.86232
-0.76145
-0.72621
-0.71536
-0.7E401

0.971549

-0.92530

1.81796
0.58990
0.60449
0.60905
0.58206
1.86100

052511

Raw

p-value
n.o0024
0.00610
0.00198
0.01216
0.00618
0.01985

0.01328

7.8. Perform Gene Category Analysis by KEGG Pathways:

Figure 42 — Differentially Expressed genes not in BioCarta Pathway

When you choose Perform Gene Category Analysis by KEGG Pathways
(Figure 34), you will enter the main page for KEGG pathway analysis (Figure 43).
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KEGG Pathway Analysis Reports
Fathway Infarmation Provided by KEGG

KEGG provides information about biological pathways, such as Gliycerolipid metabolism and Histidine
metabolism. Related KEGG pathways are organized together to represent more general functional
categories, such as Lipid Metabolism and Energy Metabolism. CEBS utilizes KEGG pathway
information to bin genes into categories of biological activities and evaluates gene expression at both
individual pathway and the functional category levels.

& Wiew Expression Report for KEGG Functional Categories

The Expression Report for KEGG Functional Categories provides overall gene expression
information for each functional category. It also links to Expression Report for Pathways
and Genes within each category.

O VWiew Expression Report for KEGG Pathways

CEBS Expression Report for Pathways presents gene expression characteristics at the
pathway level. Also provided are links to Expression Report for Genes within a given
pathway and KEGG Pathway Diagrams (with differentially expressed genes highlighted in
red).

ﬂ Back ﬂ Continue

Figure 43 — KEGG Pathway Analysis Reports

KEGG provides information about biological pathways, such as Glycerolipid
metabolism and Histidine metabolism. Related KEGG pathways are organized
together to represent more general functional categories, such as Lipid
Metabolism and Energy Metabolism. CEBS utilizes KEGG pathway information
to bin genes into categories of biological activities and evaluates gene
expression at both individual pathway and the functional category levels. You can
choose to view (1) Expression Report for KEGG Functional Categories, or (2)
Expression Report for KEGG Pathways.

Expression Report for KEGG Functional Categories: This report (Figure 44)
provides overall gene expression information for each functional category. It also
links to Expression Report for KEGG Pathways and Genes within each
category.

KEGG Functional Category Name column displays the functional category
name. Total column displays the number of all the design elements for which
the represented genes are in the specific pathway. Up, Down and Change
columns represent the number of up-regulated, down-regulated and changed
gene expressions for the comparison criteria you used. The relative proportion of
changed genes in a gene category as compared to overall proportion of changed
genes among the total number of genes with available expression value
(excluding genes with missing expression data) is presented as an Enrichment
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factor. If the enrichment factor is greater than 1, the gene category has an
enrichment of changed compared to all genes, while an enrichment factor less
than 1 means the gene category has a depletion in the changed gene. A two-
sided Fisher Exact Test p-value is also provided as indication of the probability
of observing such a number of changed genes in the KEGG functional categories
by chance.

Expression Report

All KEGG Functional Categories
Pattway Infarmation Provided by KEGG

Total Wumber of Functional Categories: 17

Wiew Aif KEGE Pathways

Wiew Differentially Expressed Genes Mot in Any KEGE Pathways
This Tahble Js Sortahie by Clicking on a Column Header

]

*
+ Click on the Fallowing Links for Data Expart: =

Esxport Repart Export Sample Data

Fisher exact test | View detailed expression

—

KEGG functional cateqory name otal Up | Down | Change Enrichment

p-value reports
1.1 Carbabydrate Metabalism 96 | 0 ] ] oo 1.0 Pathways | Genes
1.2 Energy Metabolism 134 0 0 0 0.0 1.0 Fathways | Genes
1.3 Lipid Metabalism 137 0 ] ] oo 1.0 Pathways | Genes
1.4 Mucleatide Metabalism a1 0 1 1 016704 0.03872 Fathways | Genes
1.8 Aming Acid Metabalism 142 0 ] ] oo 1.0 Pathways | Genes
1.6 Metaholism of Other Amino Acids 64 | 0O 0 0 0.n 1.0 Bathways | Genes
1.7 Metabalism of Complex Carbahydrates 98 | 0 ] ] oo 1.0 Pathways | Genes
1.8 Metaholism of Complex Lipids ™0 0 0 0.n 1.0 Bathways | Genes
1.9 Metabolism of Cofactors and Yitamins oo 1] 1] oo 1.0 Pathways | Genes
1.10 Biosynthesis of Secandary Metabolites 19 0 0 0 0.n 1.0 Bathways | Genes

Figure 44 — Expression Report for KEGG Functional Categories

Click on KEGG Functional Category Name column header to sort the functional
categories by name alphabetically. Click on Total, Up, Down, Change,
Enrichment to sort the pathways by the specific column name in descending
order. Click on Fisher Exact Test p-value to sort the pathways in ascending
order.

For example, when you click on Enrichment column header, the pathways are
displayed in the descending order of the number of changed expressions. At this
time, the pathways with differentially expressed genes, i.e. the pathways with a
non-zero number in the Enrichment column, will be distinguished from those
without any changed gene expressions.

From the KEGG functional category level, there are two ways to view expression
details: view a table of KEGG pathways within a given functional category (by
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clicking on Pathways) (Figure 46), or view a table of genes with expression
information (KEGG Expression Report for Genes by clicking on Genes)

(Figure 48).

Expression Report for KEGG Pathways: CEBS Expression Report for KEGG

Pathways presents gene expression characteristics at the pathway level. Also

provided are links to Expression Report for Genes within a given pathway and

KEGG Pathway Diagrams (with differentially expressed genes highlighted in
red). You can choose to view Expression Report for KEGG Pathways for all

available KEGG pathways (Figure 46), or for KEGG pathways within a functional

category (Figure 46).

e Total Mumber of Pathways: 109

KEGG pathway name

1,2-Dichloroethane degradation
1,4-Dichlorobenzene degradation
Alanine and aspartate metabolism
Alkaloid biosynthesis |

Alkaloid hiosynthesis Il
Aminoacyl-tRMA hiosynthesis
Aminaphasphonate metabolism
Aminosugars metabolism
Androgen and estrogen metabolism
Arginine and proline metabolism

Ascorbate and aldarate metabolism

ATP asvnthasis

& Click onthe Following Links for Data Export:

Expression Report for KEGG Pathways

All Pathways

Pathiway Information Provided by KEGG

o Miew Differentially Expressed Genes Mot in Any KEGGE Pathways
e This Table s Sortabie by Clhicking on & Coilrnn Headay

ﬂ Export Report ﬂ Export Sarmple Data
Total Up Down Change Enrichment
3|0 0 1} 0.0

Tl 0 ] 1] 0o

Tl 0 ] i] 0.o
40 ] 1] 0.0
200 ] 1] 0o
80 ] i] 0.o
KR ] 1] 0.0

12| 0 0 1} 0.0

9| 0 ] i] 0.o
0 ] 1] 0.0
3|0 0 1} 0.0

44 11 I} I} 1M1

Fisher exact test

p-value

View detailed expression

reporls*
Diagram | Genes
Diagram | Genes
Ciagram | Genes

Diagram | Genes

Dizgrarn | Genes

Ciagram | Genes
Diagram | Genes
Diagram | Genes
Diagrarn | Genes

Ciagram | Genes

Diagram | Genes

Mianrarm | GRhnAs

Figure 45 — Expression Report for KEGG Pathway for all available KEGG Pathways
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Expression Report for Genes
KEGG Functional Category: 2.1 Transcription

» Total Number of Records: 8

» This Table is Sodable by Clicking on a Colurmn Header

» Related Infarmation on Current Analysis: | Experiment/Arsy Selection »

» Click on the Fallowing Links for Data Export: ﬂ Export Repart ﬂ Export Sample Diata

Feature name Gene symbol Gene title Change L_og; Ratio Han

ratio. p-value

H30439009 Epol-1 RMA polymerase 1-1 Unchanged -0.14617 0.30369 0.09676

H3077011 Falr?] FPalymerase (RMNA) 11 {DMNA directed) polypeptide J Unchanged -0.06741 0.95435 | 0.40850

H3031E04 Epol-4 RMA polymerase 1-4 Unchanged -0.02734 0.98123 0.890445

H3036C03 Falr2a FPalymerase (RMNA) 1 {DMNA directed) polypeptide A Unchanged 0.09411 1.06741 077623

H3022B04 Epoi-3 RMA palymerase 1-3 Unchanged 0.03a04 | 1.02672 | 068630

H3136B02 Falr2g Palymerase (RMNA) 11 {DMNA directed) polypeptide G Unchanged 0.28678 | 1.21991 042774

H3031C04 Epoi-3 RMA palymerase 1-3 Unchanged 0.083m 1.05823 | 0.24530

H3121B06 Epol-3 RMA polymerase 1-3 Unchanged 006967 | 1.04947 | 056444

Figure 46 — Expression Report for KEGG Pathways with in a Functional Category

KEGG Pathway Name column displays the pathway name. Total column
displays the number of all the design elements for which the represented genes
are in the specific pathway. Up, Down and Change columns represent the
number of up-regulated, down-regulated and changed gene expressions for the
comparison criteria you used. The relative proportion of changed genes in a
gene category as compared to overall proportion of changed genes among the
total number of genes with available expression value (excluding genes with
missing expression data) is presented as an Enrichment factor. If the
enrichment factor is greater than 1, the gene category has an enrichment of
changed compared to all genes, while an enrichment factor less than 1 means
the gene category has a depletion in the changed gene. A two-sided Fisher
Exact Test p-value is also provided as indication of the probability of observing
such a number of changed genes in the KEGG pathway by chance.

From the KEGG pathway level expression report, there are two ways to view
details for a KEGG pathway: graphically through the KEGG Pathway Diagram
(by clicking on Diagram), or view KEGG Expression Report for Genes, a table
of genes with expression information (by clicking on Genes).

KEGG Pathway Diagram (external): (Figure 47)

e The KEGG pathway diagrams are provided via external link to the KEGG
web site.

e The differentially expressed gene(s) are posted to the KEGG site to be
highlighted (in red) in the diagram. However, not every gene can be
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manipulated in color in KEGG diagrams, thus some of the differentially
expressed genes may not be highlighted.

e For expression characteristics of all genes in a pathway, please refer to
the gene report for that pathway.

e Please note that some of the pathway diagrams for a given species may
not be available from KEGG. In that case, you will get a “can’t find
pathway map” notice from KEGG.
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Figure 47 - KEGG Pathway Diagram

KEGG Expression Report for Genes: This is expression report at gene level for
a KEGG pathway (Figure 49), or a more general, functional category (Figure 46).

This report is similar to Gene Expression Report for BioCarta Pathways (for
detailed description, please refer to the corresponding section of the user guide
for BioCarta pathways). Also available is a list of genes and expression

information for genes that are not in any KEGG pathways (Figure 50).

Click on a column header to sort the pathways in order of that column. For
example, click on the Raw p-value column to display the pathways in an
ascending order based on the value of the raw p-value.
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In addition to the gene expression data, the report also provides the related
information on current analysis: Experiment/Array Selection (Figure 40) and

Options Used for Comparison (Figure 41). Choose to review the information
about the above items by clicking on View button.

Expression Report for Genes
KEGG Functional Category: 2.1 Transcription
» Total Number of Records: 8
» This Table is Sodable by Clicking on a Colurmn Header
» Related Infarmation on Current Analysis: | Experiment/Arsy Selection »
» Click on the Fallowing Links for Data Export: ﬂ Export Repart ﬂ Export Sample Diata
Feature name Gene symbol Gene title Change L_og; Ratio Han
ratio p-value
H30439009 Epol-1 RMA polymerase 1-1 Unchanged -0.14617 0.30369 0.09676
H3077011 Falr?] FPalymerase (RMNA) 11 {DMNA directed) polypeptide J Unchanged -0.06741 0.95435 | 0.40850
H3031E04 Epol-4 RMA polymerase 1-4 Unchanged -0.02734 0.98123 0.890445
H3036C03 Falr2a FPalymerase (RMNA) 1 {DMNA directed) polypeptide A Unchanged 0.09411 1.06741 077623
H3022B04 Epoi-3 RMA palymerase 1-3 Unchanged 0.03a04 | 1.02672 | 068630
H3136B02 Falr2g Palymerase (RMNA) 11 {DMNA directed) polypeptide G Unchanged 0.28678 | 1.21991 042774
H3031C04 Epoi-3 RMA palymerase 1-3 Unchanged 0.083m 1.05823 | 0.24530
H3121B06 Epol-3 RMA polymerase 1-3 Unchanged 006967 | 1.04947 | 056444
Figure 48 — Genes with in a KEGG Functional Pathway
Expression Report for Genes
KEGG Pathway: 1,4-Dichlorobenzene degradation
» Total Mumber of Records: 7
» This Table is Sorable by Clicking on a Column Header
» Related Infarmation on Current Analysis: | Experiment/Aray Selection +
» Click on the Following Links for Data Export: ﬂ Export Report ﬂ Export Sample Data
Feature name Gene symbaol Gene title Change Iﬁt?s_ Ratio -%e
H3102EM Top3a Topoigomerase (DMNA 1 alpha Unchanged -0.20708 086629 0.09o1e
H3139A05 TopZa Topoisomerase (DNA) [l alpha Unchanoed 0.16958 112473 0.81249
H3122G11 Top2h Topoigsomerase (DMNA) 1 beta Unchanged 011681 1.08434 066702
H3098003 Top2h Topoisomerase (DNA) | beta Unchanoed -0.06224 0895777 0.63470
H3023E12 Top3h Topoisomerase (DMNAY 1 beta Unchanged -0.05130 096507 0.56209
H3036F04 Top2a Tapaisomerase (DMNA) | alpha Unchanged 0.407a87 1.32672 0.65521
H3061C03 Top1 Topoisomerase (DRA) | Unchanged 0.03482 1.02443 0.48257
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Figure 49 - Gene Expression Report for a Selected Pathway

Expression Report for Genes

Differentially Expressed Genes Not in KEGG Pathways

« Total Mumber of Records: &
s This Table is Sortabie by Clicking on & Column Headear

o Related Infarmation on Current Analysis: | Experimentfarray Selection v

Records 1-6

Feature name

H3054H09
H3134011
H3007HO9
H3073A01

H3068F10

H3063A01
Mote:

Gene hol Gene Title Change Iﬁgj—
- [ Up 0.86232
Baiant BAll-associated protein 1 Do -0.76145
120000801 2Rik RIKEM cDMA 1200008012 gene Drawen -0.7263
2700049A03R ik RIKEM cDMA 2700049403 gene Do -0.76401
~ TA Up 0.97159
C23006RG23R1kK RIKEM cDMA C230066323 gene Dhawen -0.92830

& Mumber of spots with changed exprassion; 6.
s ~indicates thatthe information to map the probe to UniGene is not available,

;

181786
0.53980
060449
0.58386
1.96100

0.52411

g
£

p-ualue
n.noos4
0.00810
n.no1as
0.00618
001985

001328

Figure 50 - Differentially Expressed Genes that are not in any KEGG Pathways
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7.9. Perform Gene Category Analysis by Gene Ontology (GO):

When you choose Perform Gene Category Analysis by Gene Ontology (GO)
(Figure 34), you will enter the menu page for GO analysis (Figure 51).

Gene Ontology Analysis Options

CEBS provides gene category analysis through Gene Ontology (GOY, a controlled vocabulary built by The Gene
Ontafogqy Consortivm, 50 defines three broad aspects of categories (see below). The children categories of these
aspects represent lower levels of granularity with higher specificity.

Aspect Type Definition

Biological Process broad hiological goals, such as mitosis or pavine metabolism, that are accomplished by
ordered assembhlies of malecular functions

Malecular Function the tasks performed by individual gene products; examples are carbofyvarate binding and
ATPase achivity
Zellular Component subcellular structures, locations, and macromolecular complexes, examples include Ruclens,

teformare, and origin recogriion compiex

CEBS allows users to evaluate gene expression of GO categories at different granularity levels of a given aspect.
Each GO category will be evaluated and ranked based on relative degree of change in gene expression. In addition to
overall expression summary, detailed report of expression for genes in each GO category is also provided. Also
pravided are links to external GO resources for detailed GO annaotation.

Select GO categories to be used in analysis:
GO Aspect Type Granularity Level
. Biological Process v || Lewel 3 v [ Submit for Analysis ]

Figure 51 — Gene Ontology Main Page

7.9.1. Perform Expression Analysis Based Upon Gene Ontology

The Gene Ontology Consortium has defined three ways of categorizing genes:
by biological process, molecular function and by cellular components. The
GO categories have hierarchies based on the classification methods. There are
parent and child relationships between GO categories. The parent categories
represent more general biological aspects that possess has-a or is-a type of
relationship with the children categories, which represent lower level of
granularity. CEBS enables users to select GO categories based on the
classification methods and level of granularity.
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To perform the expression analysis on GO, choose the Aspect Type
corresponding to one of the classification methods, and Granularity Level from

the pull-down list on the menu page (Figure 51).

Gene Ontology Analysis Summary: This type of analysis provides the
summarized statistical information as well as gene expression data for each of
the GO categories that belong to the Aspect Type and Granularity Level specified
by the user (Figure 52).

Gene Ontology Analysis Summary
GO [ Aepect Type Granularity Level
: Biological Process || Lewel 3 hd Subrmit for Analysis
» Total Mumhber of GO Categories: 48
» This Table Js Sortable by Chlicking on g Collimn Headear
» Click onthe Following Links for Data Export: ﬂ Export Report ﬂ Export Sample Data
GO cateqory Total | Up | Down @ Change | Enrichment m Expression report External links
cell communication 1108 0 1 1 0.01372 0.39148 YWiew Details AmiG o | GuickG 0
cellular physiological process 51049 ] 1 1 0.00298 0.44431 Wiew Details AMIGO | GuickGE0
reproduction a1 ] 0 ] 0o 1.0 Wiew Details AmiGO | GuickGE0
behavioral fear response 3 0 a0 1} 0.0 1.0 Wiew Details AMIGO | GuickG0
hlastocyst developrment 4.0 i i} 0.0 1.0 Wigw Details ArniGo | Quickiz 0
:ﬁsn’:c'tg; pupal development (sensu 2| 0 0 0 0.0 10| ViewDetails | AmiGO | QuickGO
muscle contraction 30 0 a0 i} 0.0 1.0 Wiew Details AMIGO | QuickE0
mermbrane fusion 4, 0 i i} 0.0 1.0 iew Details AmiGo | Quickiz0
pattern specification a0 0 i] i} 0o 1.0 YWiew Details AmiG0 | GuickG0

Figure 52 — Gene Ontology Analysis Summary

GO Category column displays the name of a Gene Ontology term. Total column
displays the number of all the design elements for which the represented genes
are in the specific GO category. Up, Down and Change columns represent the
number of up-regulated, down-regulated and changed gene expressions for the
comparison criteria you used. The relative proportion of changed genes in a
category as compared to overall proportion of changed genes among the total
number of genes with available expression value (excluding genes with missing
expression data) is presented as an Enrichment factor. If the enrichment factor
is greater than 1, the gene category has an enrichment of changed compared to
all genes, while an enrichment factor less than 1 means the gene category has a
depletion in the changed gene. A two-sided Fisher Exact Test p-value is also
provided as indication of the probability of observing such a number of changed
genes in the GO categories by chance.
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Each of the GO categories listed is linked to its Gene Ontology Expression
Report (Figure 53) via the View Details hyperlink. In addition, it is also linked to
major external GO browsers, AmiGO from BDGP and QuickGO at EBI, via the
GO identifier (GOID) or name. This function allows the users to view definition,
relationships between GO categories, as well as detailed description and links to
additional information.

Click on GO Category column header to sort the GO categories by term name
alphabetically. Click on Total, Up, Down, Change, Enrichment to sort the
pathways by the specific column name in descending order. Click on Fisher
Exact Test p-value to sort the pathways in ascending order.

In addition to these functions, a navigation menu is also provided for the user to
view a new set of GO categories by selecting the classification method and level
of granularity.

7.9.2. View Expression Report for a Gene Ontology Category

Gene Ontology Expression Report presents the gene-level expression details
for the genes on the chip used in the hybridizations of interest that are annotated
to a selected GO category (Figure 53). The differentially expressed genes as
well as those detected as “unchanged” are presented. CEBS highlights the
differentially expressed genes by color-coding the data of up- and down-
regulated genes.
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Gene Ontology Expression Report

GO Aspect Type Granularity Level
Biological Process v | | Lewel 3 V[ Subrmit for Analysis ]

5000001824 blastocyst development Gene Expression Report | AmiGo | QuickGO

Parent Categories:

GO:0001701  embryonic development (sensu Mammalia) Gene Expression Report | AmiG0 | QuickGO

GOO007E75  developrent Gene Expression Report | AmiGo | QuickGO
Child Categories:

GOO001825  blastocyst farmation Gene Expression Report | AmiGo | QuickGo

GO:0001835  blastocyst hatching Gene Expression Report | AmiG o | QuickGO

GO00018352  blastocyst growth Gene Exprassion Report | AmiGO | QuickGo

= Total Mumber of Records: 4
» Thia Table is Sortaibie by Clicking on & Collmn Headay

* *
» Click onthe Following Links for Data Export: J Export Report J Export Sample Data

Records 1- 4
Feature name Gene symbol Gene title Change L_og; Ratio Have
ratio p-value
H3102012 5930426105Rik RIKEM cDMA 5830426105 gene Unchanged 0.08161 1.058820 0.50047
H3036003 Setdh1 SET domain, hifurcated 1 A MNA TA TA
H3130E01 Setdh1 SET damain, hifurcated 1 Unchanged -0.14122 0.90675 0.04075
H3062C11 Setdh1 SET domain, hifurcated 1 Unchanged -0.19289 0.87485 0.20272

Related Infarmation on Current Analysis: | ExperimentiAray Selection |+

Figure 53 — Gene Ontology Expression Report

For two-channel arrays, the Feature Name represents the name of reporter. The
expression levels are represented by log2 ratios (sample-sample comparisons),
or mean log2 ratios (group-group comparisons). For Affymetrix arrays, the
Probe Set represents the name of reporter. log2 intensities are used for
sample-sample comparisons, while mean log2 intensities are used for group-
group comparisons. The Gene Symbol and Gene Title represent the name and
title of target gene, respectively. The Change column is used to indicate whether
the gene expression is up- or down-regulated, by the criteria selected by the
user. log2(A)-log2(B) represents the difference between (group) A and B, while
Log2 ratio is used for the difference between two channels. A/B represents the
fold change between (group) A and B, while Ratio is used for the fold change
between two channels. A Raw p-value is displayed to indicate the confidence
level of differential expression between the two groups of arrays, based on the
statistical test for the data on the particular gene. An Adjusted p-value is
derived from the single test p-value, through applying a selected multiple testing
procedure to control the false discovery rate or family-wise error rate.
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Click on a Gene Symbol on the list to view the detailed gene information on
Gene Info Page (Figure 55).

This report provides links to related GO terms, parent & child terms, to a
particular GO category. The users can view the expression of genes in these
GO terms via these links to Gene Ontology Expression Report. CEBS also
links each of these GO terms to major external GO browsers, AmiGO from
BDGP and QuickGO at EBI.

A navigation menu is also provided for the users to view a new set of GO
categories by selecting the classification method and level of granularity.

Similar to other gene-level expression report, this report table can also be sorted
by clicking on the column headers. If the number of genes is large, the report is
split into smaller pages with 200 genes per page. Users can navigate through the
pages by choosing a page number to go to.

In addition to the gene expression data, the report also provides the related
information on current analysis: Experiment/Array Selection (Figure 40) and

Options Used for Comparison (Figure 41). Choose to review the information
about the above items by clicking on View button.
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7.10. View Expression Report for All Differentially Expressed
Genes:

Select View Expression Report for All Differentially Expressed Genes option
(Figure 34) to view All Differentially Expressed Genes report (Figure 54),
which displays all differentially expressed genes represented in the chip based
on the criteria you specified in the comparison analysis.

All Differentially Expressed Genes

e Total Murnber of Differentially Expressed Genes: 396
e This Tahie is Sorable by Chicking on g Coilmn Heaoar
« Related Information an Current Analysis; | Experiment/rray Selection
e Clickonthe Fallowing Links for Data Export: ﬂ Export Repart ﬂ Export Sample Data
Records 1- 200 Page 1 of2 [ GotoPage|1 ¥

F::tﬁ Gene symbol Gene title Change Iﬁt_?lf_ Ratio ﬁ
H3083A01 | Pppich Protein phosphatase 1, cataltic subunit, beta isoform Ciown -0.39942 | 0.¥59816  0.02962
H3083A08 | ~ A Down -0.34631 | 0.78714 | 0.03358
H3099A03 | Eifdenift Eukaryatic translation initiation factor 4E nuclear import factar 1 Down | -0.30973  0.80679 | 0.00869
H3103A07 | Gpr3d 5 protein-coupled receptor 34 Ciown -0.27740 | 082507 0.01083
H3103E09 | Slc3fad Solute carrier family 37 {glycerol-3-phosphate transporter), member | Down -0.26716 | 0.83085  0.00063

3

H3103E11 | Unnamed Gene | Transcribed locus Down | -0.33876  0.79072 | 0.04295
H3155E07 | Dockd Dedicator of cytokinesis 4 Down | -0.31432  0.80423 | 0.04496
H3012E09 | ~ A Down | -0.34058 078873 | 0.01976
H2020E11 | Conf Cyclin F Down -0.45134 | 073136 | 0.03778
H3006B08 | D14Abbie DMA segment, Chr 14, Abbott 1 expressed Down | -0.30935  0.80700 | 0.03834
H3010F02 | Lmin Leishmanolysin-like (metallopeptidase M8 famih) Ciown -0.27993 | 0.82360  0.01144
H2014810 | Mol Mucleolin Up 025443 | 1.22640 | 0.02434
H3014F12 | 2310061A22Rik | RIKEM cDMA 2310061422 gene Up 0.28337 | 1.21703 | 0.02937

Figure 54 — All Differentially Expressed Genes

For two-channel arrays, the Feature Name represents the name of reporter. The
expression levels are represented by log2 ratios (sample-sample comparisons),
or mean log2 ratios (group-group comparisons). For Affymetrix arrays, the
Probe Set represents the name of reporter. log2 intensities are used for
sample-sample comparisons, while mean log2 intensities are used for group-
group comparisons. The Gene Symbol and Gene Title represent the name and
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title of target gene, respectively. The Change column is used to indicate whether
the gene expression is up- or down-regulated, by the criteria selected by the
user. log2(A)-log2(B) represents the difference between (group) A and B, while
Log2 ratio is used for the difference between two channels. A/B represents the
fold change between (group) A and B, while Ratio is used for the fold change
between two channels. A Raw p-value is displayed to indicate the confidence
level of differential expression between the two groups of arrays, based on the
statistical test for the data on the particular gene. An Adjusted p-value is
derived from the single test p-value, through applying a selected multiple testing
procedure to control the false discovery rate or family-wise error rate.

Click on the name of a Gene Symbol (Figure 54) to view the detailed gene
information on Gene Info Page (Figure 55).

Similar to other gene level expression report, this report table can also be sorted
by clicking on the column headers. If the number of genes is large, the report is
split into smaller pages with 200 genes per page. Users can navigate through the
pages by choosing a page number to go to.

In addition to the gene expression data, the report also provides the related
information on current analysis: Experiment/Array Selection (Figure 40) and

Options Used for Comparison (Figure 41). Choose to review the information
about these items by clicking on View button.
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Gene Info Page

Gene Info Page presents basic information about the gene and links to biological
and functional information on the gene you selected (Figure 55), including gene
annotation from UniGene and LocusLink, mMRNA and EST sequences

information, protein sequence similarity information from UniGene, library data
(SAGE, EST) from CGAP, SNP information from CGAP, and Gene Ontology
information from The Gene Ontology Consortium. A link to DAS Annotations is

also displayed to connect to DAS server. Click on a link to view the
corresponding detailed information.

Gene Info Page

Sene Information For: M Ppplcb Protein phosphatase 1, catalytic subunit, beta isoform
Sequence 1D % I e Nl

Database Links

UniGene Entrer Gene SHEViewer Assemblies SHNPs SMEPSO0Cancer

Libraries and Tissues (from EST Data)

e This gene isfoundinthese libraries from the following tissue types:

b-cell bone bone marrow brain,cerebellum, cerebrum, colon ear eye genitourinary head and
neck heart kidney liver lung lymph node mammary gland muscle ovary pancreas pancreatic
islet peripheral nervous system pineal gland pituitary gland placenta retina, salivary gland skin soft
tissue spleen stomach synovium testis thymus uterus vascular uncharacterized tissue pooled

tissue endocrine gastrointestinal tract, nervous whole body

» Monochromatic SAGE/CDMA Wirtual MNorthern

Protein Similarities (from UniGene)

organism Protein ID % Similarity Aligned aa
At sp:PAB4A84 79 297
Ce ref.MP_S05733.1 93 312
DOm spPASAEZ j=lu] ey
Hs ref: MNP _002700.1 100 327
Brm Jir: D32550 100 327
Rn P 21173658 100 327
Sc spP32508 82 303

Crthologs (frorm HomoloGene)

CGAFR Gene

Symbol Mame Sequence Info

FFF1CE Frotein phosphatase 1, catalytic subunit, MNh_Z06377 Sene Info
beta isoform Mh_002709
MM_Z06876

Fppilch Protein phosphatase 1, catalytic subunit, MNh_013065 Gene Info
beta isoform

gsp-1 Yeast Glc Seven-like Phosphatase (37.2 MNW_072322 Gene Info
KO (gsp-1)

Gene Ontology

protein phosphatase type 24 activit

protein phosphatase type 1 activit
cytokinesis

phosphoprotein phosphatase activit

protein serinefthreonine phosphatase activit
protein binding

glycogen metabolism

protein aming acid dephosphorylation
protein serinefthreonine phosphatase complex
CTD phosphatase activity

protein phosphatase type 2C activit
hydrolase activity

myosin phosphatase activit

manganese ion binding

Reference

Yo
Similarity
945

96.8

7532

DAS Annotations - Be patient, this link connects to a DAS server and may take a minute or two. ..

Figure 55 — Gene Info Page
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8. Quality Control Information

CEBS provides quality control and statistical information for each array in the
experiment. To view the quality control and statistical information, search
experiment(s), and use Click to View for Data Quality Information in the
Detailed View of Experiment Information Report page (Figure 56).

Experiment Information Report

Brief View

e Click on "Experiment ID" to view experiment information report in the Detailed View.

& Foranalysis, use the check hox below to select experiment(s), then click on "Analyze Selected Experiment(s)".
» hultiple experiments can be analyzed together, ifthey have same platform & matched array design (D).

Experiment . - - Image Processing A .
Analyze D Investigator Experiment Title Goftware Visibility Array Design (1D}
Alexandra Gene Expression Profiling of F344/N Rat Livers After . : Rat230_2
O] |522300504 | cihiom Acute Acetaminaphen Exposure Afmetri PuBlic 1345482001y

fAnalyze Selected Experimentis)

Detailed View

Gene Expression Profiling of F344/M Rat Livers After Acute Acetarminophen Exposure

Experiment ID 22398544

Investigator Hame Alexandra Heinloth

Organization MCT

Experiment Type Treatmentvs. Untreated Cormparison
Species [Raf]

Tizsue(s) [Liver Left Lateral Labe]

Image Processing Software Affyrmetrix

Array Design Hame Rat230_2

Array Design 1D 346482001

Stressor Hame(s) Acetaminophen

Experimental Variable(s) Acetaminophen (Dose Level Time)

Characterigtice That Vary Between Samples | MNone
Publication
Submission Date 2004-12-145

Microarray analysis of liver RMNA from F34400 rats after acute exposure to Acetaminophen
B0molkg, 150maoskg, 1500moika) on RAT230_2 Affymetrix arrays

Data Files Click to Download
Data Quality Information Click to Wiew

Experiment Description

Figure 56 — Experiment Information Report

The displayed information varies among different image processing software.
Currently the quality control information can be displayed for the experiment data
from Affymetrix, Agilent, GenePix and ArraySuite image processing software.
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8.1. Affymetrix

The quality control information is retrieved from the .rpt files from Affymetrix
MAS 5 software. The information is displayed for each array in the experiment.
The quality control and statistical information includes percentage of probe sets
that are called as Present (P), Absent (A) and Marginal (M); the average signal
for Present (P), Absent (A), Marginal (M) and all the probe set; the 3'/5' signal
ratios for housekeeping genes i.e. GAPDH and Beta-actin if they are available in
the chip. Place the computer mouse over the column name to view the
description (Figure 57). Click View button to view detailed quality control
information (Figure 58). The information in the detail page includes software
parameter setting, background and noise, number of probe sets for each type of
calls and signal intensity, housekeeping and spike control genes information. For
more information, please review Affymetrix's GeneChip Expression Analysis
Technical Manual.

Quality Control and Statistical Information
Pmbe(;)et call Probe Set Averane Signal 3'Iﬁé§tiigunal

Array Mame Sample Mame Detail

Pos MLt Control Ni2+/+ 0 hour la 457 510 32 23663 2645 7025 12404
el Control Ni2+/+ D hour b 50.8 46.4 2.8 26219 237.9 716.1 14636
Pon ML Hypernxia Nif2+/+ 24 hour b 50.9 465 26 21556 176.4 5250 11923
POAMITOME  Hyperoxia Nif2+f+ 48 hour 1a 47.4 0.0 26 2367.9 2325 701.4 12562
POSMUTOXIZ Hyperoxia Ni2+#+72 how 12 485 4.7 28 29353 286.7 76.3 1587.1
PR MO Hyperoxia Nif2+/+ 72 hour b 53.3 442 24 26186 2033 5709 15001
D oAp.ey Hyperoxia N2 24 hourla 464 G0 28 21252 2038 6236 10610
e bapey Hyperoia N2 24 hour 1o 4B.0 511 28 1627.2 1404 4749 634.4
e 1 ey Hyperxia N2 48 hour 12 488 435 27 21847 1855 5650 11715
D apey Hyperoxia N2 48 hour 1b 522 455 24 26671 2148 6207 14515
D Ap.ey Hyperoxia N2 72 hour1a 457 516 27 20663 2006 6402 10853

<] Back

Figure 57 — Quality Control & Statistical Information for Affymetrix Arrays
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2l Affy OC Parameters Display Detail - Microsoft Iniksnet Explorer

Detailed Statistical Results and Software Parameters for Affymetrix Array

Array Marme: PEA-MLH-0h-1aAv2-52
Sample Name: Control Nrf2+f/+ 0 hour 1a
Probe Array Type MG T A2

Software Parameters:
Moise(Rawl): 17 87 Morm Factor(MF): 1.0 Scale FactoriSFX: 1.0
Background and Moise:

Standard

Signal: Average Deviation Minirmal Masximal
Background: 453 02 5.91 4350 46789
Moige: 21.26 0.52 19.4 226

Probe Sets "Call" Information:

Call Mumber Call Percentage Axerage Signal

Tatal Prabe Sat: 12471 12404

Present Probe Set: 5705 A5.7 23669

Absent Probe Set: 5364 S51.0 264 6

Marginal Probe Set: 402 32 Foz25

Housekeeping Controls
; Det Det .. Det .. Sig

Probe Set Mame Sigsn 59 Sig(hA7 (M Sigi3n ) Sig(all) =5
AFFX-b-
ActinhAurid 1 2481 241412 B 276151 B 225398 P 2476538 093
AR
Gapdhhurihva2599 983817 F 102647 P 131010 P 111158 1.33
AFFEX-
TransRechur <57 349 1118 A 271 A 1755 F 10438 1.57 2

Figure 58 — Detailed Statistical Results & Software Parameters for Affymetrix Arrays

8.2. Agilent

The quality control information is retrieved from the uploaded Agilent data
file. In the Quality Control and Statistical Information page, the several most
important statistical results are displayed. Please put computer mouse over the
column name to view the description (Figure 59). Click View button to view more
quality control information (Figure 60). In the Detailed Statistical Results for
Agilent Array page, detailed quality control information retrieved from the
statistical result section of the data file for each array is displayed. For more
information, please review user manual from Agilent's microarray feature
extraction software.
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Quality Control and Statistical Information

Samale Name
Ay e TomPrmfeal  eml

C¥3_Eugenol_TSmy_Farmale_81_15011878012262 COntrol ';Enrnnla‘e IR Mousea1 004 010 186 0.00 0.30 204 210

Control Female Liver

C¥3_Eugenol_75mg_Female_g2_16011878012254 i Wousesz 0.04 006 137 0.01 027 3.48 148
CY3_Fugenol_T5mg_Fermale_83_1601187a012065 =000l 'Fji"onla‘e L Mouses3 004 006 135 008 097 308 146
CY3_Eugenal_78mg_Female_g4_1601187801 2npg COTTO!Famale Liver Mouseds 005 005 081 0.03 019 083 0.90
GYa_Eugenol_Tamg_Female_81_160118978012251 Mauses! St ;‘E?IE'E LYer pos 008 224 0.01 024 155 240
CY6_Eugenol_75mg_Female_82_16011878012253 Mouses2 Eenil ;‘Z’D"f'e L¥er o5 008 202 0.02 0.28 128 218
CY5_Eugenol_75mo_Female_83_16011878012255 Mouses3 C””"”‘;Z;”Ia'e LMer o4 005 135 042 044 4.21 1.36
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Figure 59 — Quality Control & Statistical Information for Agilent Arrays

tail Information - Microsoft Internet Explorer

Detailed Statistical Results for Agilent Array

Ay Name CY3_Eugenol_75mg_Female_51_16011575012252
Sample Name Cyé: Control Female Liver Poal Cy3: MouseS1

Number of Saturated Features

FParameter Name Yalue Description
umSatFeat 10 The number of saturated features on red channel
ghNurnSatFeat 22 The nurmber of saturated features on green channel

Feature Flag Information

Parameter Narne Walue  Description

umFeatureMonlnifol 404 The number of features that flagged as non-unifarmity on red channel

ghlumFeatureMonlnifOL 110 The number of features that flagged as non-uniformity on green channel

umPopnoL 30 The number of features that flagged as population outliers on red channel

ghNurmPopnOL a1 The number of features that flagged as population outliers on green channel

NurnMonUnifBGOL o The number of local background regions that flagged as non-uniformity outliers on red channel
gMumMNonlUnifBGOL 1] The number of local background regions that flagged as non-uniformity outliers on green channel
umPopnBGOL 287 The number of local background regions that flagged as population outliers on red channel
ghlurmPopnBGOL 253 The number of local background regions that flagged as population outliers on red channel

Inlier Feature Information:

Parameter Name “alue Description
1GlobalFeatinlierdye 300.233  Awerage of all inlier features on red channel
gGlobalFeatinlierdve 814.818  Average of all inlier features on green channel

GlobalFeatinlierSDey 1783.42  Standard desiation of all inlier features an red channel
gGlobalFeatinliersDey  3146.43  Standard deviation of all inlier features on green channel
ri5lobalFeatinlierium 218588.0  Number of all inlier features on red channel
gGlobalFeatinlierMum 222330 Mumber of all inlier features on green channel

Inlier Local Background

Information:

Parameter Narne Value Description

tLacalBGinlierdye 56.3553  The average of all inlier local backgrounds on red channel
glocalBGInlierAve 546646  The average of all inlier local backgrounds on green channel

tLacalBGInlierSDey 0.770571  The standard deviation of all inlier local backgrounds on red channel
glocalBGInlierSDey 1.08071  The standard deviation of all inlier local backgrounds on green channel
rLocalBGInlierMum 22108 The number of all inlier local backgrounds on red channel (¥

Figure 60 - Detailed Statistical Results & Software Parameters for Agilent Arrays
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8.3. GenePix

a.

The quality control information is computed from the output of GenePix image
processing software. It provides summarized array level quality control
information (Figure 61).

“Mean Signal” is the mean signal intensity value for all the features in the
array. For Cy5 channel, signal intensity of each feature is computed from
“F635 Mean” minus “B635 Mean” of the output file, then “Mean Signal” for
Cy5 is computed from signal intensity values of all the features in the array.
For Cy3 channel, signal intensity of each feature is computed from “F532
Mean” minus “B532 Mean” of the data file, then “Mean Signal” for Cy3 is
computed from signal intensity values of all the features in the array.

“Median Background” is the median background value for all features in the
array. For Cy5 channel, the “Median Background” is computed from "B635
Mean" values of all the features. For Cy3 channel, the “Median Background”
is computed from "B532 Mean" values of all the features.
“Signal/Background” is the ratio of Mean Signal / Mean Background. The ratio
of Cy5 channel is computed from the values of “Mean Signal” and “Median
Background” from the cy5 channel. The ratio of Cy3 channel is computed
from the values of “Mean Signal” and “Median Background” ” from the cy3
channel.

“Median SNR” is the median of the SNR (Signal-to-Noise) values of all the
features in the array. For Cy5 channel, the SNR for each feature is computed
from the formula of (F635 Median - B635 Median) / B635 SD. The median
value of Cy5 channel is then computed from SNR values of all the features in
the array. For Cy3 channel, the SNR for each feature is computed from the
formula of (F532 Median - B532 Median) / B532 SD. The median value of
Cy3 channel is then computed from SNR values of all the features in the
array.

“Feature without Saturated Pixels (%)”: The "F635 % Sat" and "F532% sat" in
the data file indicates the percentage of the feature pixels that are saturated
in Cy5 channel and Cy3 channel respectively. “Feature without Saturated
Pixels (%)” is the percentage of the features with values of zero for “F635 %
Sat” (Cy5) or "F532% sat" (Cy3) in the array.

“Flag (%)” are the percentages of the features that are indicated as “Bad” (-
100) or “Not Found” (-50) in the “Flag” column in the .gpr file for an array.
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Quality Control and Statistical Information

Feture
Name Pixel (%)
ST1_1 ;”3?”59 [T L”SD“SE er RNA 4 4036 1461.3¢ 436,00 357.00 239 409 130 1.29 99.66 9956 000 37.54
ST2_1 ;”3?“39 B leect L”;“SE liver RNA 4 go7 14 13075 141.00 23200 1133 7.93 452 251 09.69 9925 000 9.70
g73 1 ppuse erRNA - mouse RNA ROl g 15045 105031 17500 17000 BES B4 223 409 995 9991 0B 1192
ST4_1 ;”;“39 LR L”S?“SE RNAROOl 4 nengr 122498 39100 20800 920 425 055 184 9963 9962 000 3532
gT5_1 ppuse erRNA - mouse WerRNA g 14ps 102097 16500 19400 B7B 526 211 231 9985 9960 000 1953
ST6_1 ;”E?”SE LTl L”;“SE er RNA  gcegg 134042 727.00 38200 132 351 009 0.90 99.67 9959 000 55.92
g7y [ouse erRNA - mouse WerRNA -y nigas g73ED 300 IWO0 301 243 085 112 99E2 9963 000 4302
gTa 1 ouse e RNA - mouse WerBNA - nog 12 1 0m267 30100 7900 383 388 135 156 9964 9966 000 I
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Figure 61 - Quality Control & Statistical Information for GenePix Arrays

8.4. ArraySuite

The quality control information is computed from the output of Array Suite
image software. This is summarized array level quality control information
(Figure 62).

a. “Mean Signal” is the mean value that is computed from all features’
“SR_Mean” or “SG_Mean” values of the output file. For the sample
channel, the “Mean Signal” is computed from feature’s “SR_Mean”
in the array; for the reference channel, the “Mean Signal” is
computed from feature’s “SG_Mean” in the array.

b. “Median Background” is the median value that is computed from all
feature’s mean background intensity values. For the sample
channel, the “Median Background” is computed from feature’s
"SR_bkMean" in the array; for reference channel, “Median
Background” is computed from feature’s "SG_bkMean" in the array.

c. “Signal/Background” is a ratio of “Mean Signal”/ “Mean
Background”. The calculations for “Mean Signal” and “Median
Background” values are described above. The “Signal/Background”
ratio for the sample channel is computed from the “Mean Signal”
and “Median Background” sample values. The “Signal/Background”
ratio for the reference channel is computed from the “Mean Signal”
and “Median Background” reference values.

d. “Median SNR” is the median value of all the features’ Signal-to-
Noise values for either sample or reference channel in the array.
The “Median SNR” for sample channel is computed from feature’s
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“SR_SNR?” values in the array; the “Median SNR” for reference

channel is computed from feature’s “SG_SNR” values in the array.
e. “Feature with Good Quality (%)”: In the ArraySuite output file,

“SR_iQuality” and “SG_iQuality are used to indicate whether a

specific feature has good image qualities for sample and reference
channels. The “Feature with Good Quality (%)” is the percentage of

the features with that SR_iQuality or SG_iQuality value of 1 for

each channel, respectively.

Sample Nane

Quality Control and Statistical Information

Mean Sigral

Median Basgrourd

Sigraliadgrud

MediznSHR

Feakre wi b Good auallly ()

P
p90s35_si_fcl P;o%?g;gernwxm Eg%?g;g’emm% 147943 221517 35280 36370 386 609 1B5.50 29445 9777 99.05
p90s36_si_fcl P;o%?g;gernwxm Eg%?g;g’emm% 135064 204887 37990 36160 366 565 151,35 25675 o782 9900
0s37_si ol ?;%?g;g’em“’e‘m Eg”g'ﬁg;g’emm% 179533 114357 T6180 38060 497 300 2225 12580 9830 9910
(0838 s foi ?;%?g;g’em“’e‘m Eg”g'ﬁg;g’emm% 154175 150464 35060 37160 4B8 416 336 V9L GBS 99.00
190539 sl foi P;T%fg;“’”‘ Ilies Eg%“ﬁg;gerpm% 134104 191279 37810 38000 354 531 185,35 260.95  97.31 99.09
W90s41_si_fei '(’;T%%ENA Ilies Eg%“ﬁg;g’erpm% 184551 164232 38060 37200 626 441 40870 24415 9545 9907
90542 _si_fei E;'EL;?SE—NA lies E‘;‘E“)?EJE’E'RNAAS 1903.20 204856 35060 37110 543 582 42115 28670 9518 GAE1
W90s43_si_foi Egﬁ';fg;m Bectes Eggf;;g’emm% 252729 147945 359.00 34360 704 43 M2BD 34545 9788 9895
Back
Figure 62 - Quality Control & Statistical Information for ArraySuite Arrays
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